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RANDOM REMINISCENCES OF LAST CENTURY 
EUROPEAN OPHTHALMOLOGISTS 


ALEXANDER W. STIRLING, M.D. 
BALDWIN, GA. 


My earliest association with ophthalmology was at the Sunday 
morning operations at the eye clinics in the Royal Infirmary in Edin- 
burgh in 1879 and 1880, my last two years at the University of Edin- 
burgh. There were then two surgeons attached to the ophthalmic 
wards. Mr. Walker, unknown to fame, was big, inelegant, good natured 
and short sighted. He appeared even to novices like myself to do what 
not a few novices unwillingly accomplish in another field of endeavor ; 
that is, he demonstrated perhaps to a critical audience how to do 
everything one wishes to avoid when striving to make a clean job, 
keep on the fairway and plump into that elusive little hole by the 
shortest route possible. Yet the house surgeons stated that his results 
from the point of view of the patient were as good as those of his 
famous colleague Mr. Argyll Robertson. 

In parenthesis here I may explain that students in Great Britain 
do not graduate into the title of doctor of medicine. This is a higher 
degree. It may be obtained by the ambitious not before two years of 
postgraduate practical work and is no aspiration of the pure surgeon, 
who distinguishes himself by remaining simple “Mister,” with the title 
of bachelor of medicine from a university or a diploma from one of the 
colleges. Though all general practitioners are called “Doctor” by their 
patients and friends, many—perhaps most—of them have no official 
right to the title. Applicants for appointments in the hospitals of the 
larger cities are expected to have taken the fellowship of the Royal 
College of Surgeons, which means that they have passed exceedingly 
searching ordeals in anatomy, physiology and surgery, even if they 
have no intention of practicing general surgery. These examinations 
are intended to weed out the mediocre in ability and character. Mem- 
bers of the medical profession never call one another “Doctor” in Britain 
without adding the surname. 

This paper was read before the Ophthalmological Section of the Atlanta 
Academy of Medicine on June 13, 1927. I was asked to publish it at the time, 
but it was laid aside and forgotten. I came across it recently, and on looking 
through it I thought it might still interest students of eye work and its history. 
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Mr. Argyll Robertson was a striking figure, especially when rigged 
out in the arresting uniform of the ancient company the King’s Body- 
guard of Royal Archers, a relic of the days when a Scottish sovereign 
prohibited all such unmartial games as football because they wasted 
time which should be given to attaining proficiency in planting arrows 
in the eyes or between the ribs of encroaching Englishmen. It js 
related of a cousin of mine that she paid her 2 guineas not so much 
that Argyll Robertson might examine her eyes as that she might gaze 
into his. It is not always mere cold ability that makes the successful 
physician. It was said to be because he was not altogether unaware 
of his natural attractions that, though subject to the common assaults 
of time, he refused the aid of the glasses he seemed content to pre- 
scribe for other persons. Those were the days of general anesthesia 
and in Scotland of chloroform at that. Scots were supposed to be 
almost immune to a dose of chloroform that would perish a mere 
Englishman. Perhaps this was on account of the supposed resemblance 
between its chemical formula and that of the national beverage. I 
distinctly recall an unhappy result of the combination of indifferent 
anesthesia and Argyll Robertson’s uncorrected presbyopia. During 
an extraction he failed to observe that his Graefe knife had penetrated 
the iris. The patient, however, did not, and he responded with such 
an energetic spasm of the lids that the lens sprang a foot in the air 
and landed on the instrument table. My first ophthalmoscope was his 
invention. I sent it years ago to a show of ancient instruments in 
Chicago. Somebody must have fancied it for his wife’s vanity case, 
for it never came back to me. It was a little flat black wooden box 
with the eye hole in the bottom. On removing the lid one discovered 
the object lens and saw that the bottom inside was composed of a per- 
forated concave mirror. Argyll Robertson, so far as I can remember, 
used only the indirect method. His name is linked with fame because 
he was an acute observer and his pupil was a step forward in neu- 
rology. At length he exchanged the cold winds of the “gray capital 
of the North” for the warmth and color of the palace of a friend of his, 
one of the great Indian maharajahs, and there he died. 

Speaking of those far away days in Edinburgh reminds me of 
Arthur Conan Doyle and that he was once an eye specialist. My 
acquaintance with him was confined to sitting near him in Turner's 
class on anatomy; to looking with him in wonder at Mr. Joseph Bell, 
the prototype of Sherlock Holmes, as he told us a great deal about 
the patients before they had mentioned their symptoms; to receiving 
a not too grateful letter from him when I ventured, entirely for the 
sake of his good name, to point out as courteously as possible that in 
one of his books there was an error, no doubt a printer’s error, whereby 
the convexity and concavity of a pair of spectacles had obviously got 
mixed, and to telling him that in a copy of another of his books, borrowed 
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from the Carnegie Library, some one had scribbled on the margins 
of the leaves most uncomplimentary objections to himself. These 
objections, I may say, were not altogether unjustified, since he had 
introduced a case of miscegenation between a white person and a 
Negro as apparently legal instead of criminal in Georgia. 

When I attended the clinics of Berlin there were three professors 
of ophthalmology who, I understood, were paid by the state, Schweig- 
ger, Schoeler and Hirschberg. 

Schweigger, I believe, was the immediate predecessor of the senior 
Knapp of New York and was summoned from New York to a chair 














Fig. 1—Douglas Argyll Robertson (1837-1908). 


in Berlin University. I did not greatly admire Schweigger. I do not 
consider slashing operations in place in the eye, and he struck me as 
the slashingest eye surgeon I had ever seen. He extracted cataracts 
while sitting on the edge of the ward bed with his legs under the 
patient’s arm. The lids were held open by an assistant with a pair of 
retractors. He used a blunt prong in place of a fixation forceps, a 
triangular Beer knife, and he cut upward and away from himself com- 
ing out 3 or 4 mm. from the cornea. I saw him once nearly open 


the ciliary region while the vitreous came through with a rush. He 
did no iridectomy. 
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Schoeler, on the other hand, was a careful operator. He also worked 
from the front of the patient and cut away from himself. He extracted 
the two lenses at one time if they were “ready.” His patients walked 
to and from the operating table, upstairs and downstairs and some- 
times to the far end of a long rambling building. No harm, he said, 
resulted. I saw Schoeler, in order to prevent sympathetic involve- 
ment, do the following operation on a woman entirely unanesthetized: 
He fixed the external rectus muscle on a thread, divided the muscle, 
cut the optic nerve, drew the stump around to the front, cleared the 
back of the eye and replaced it. 

I was sorry that Hirschberg at the time was in India, because | 
was told that he was the best ophthalmologist of the three. He was 
of Jewish extraction and was held in high esteem. 

I spent only three months in Berlin, but they were rather strenu- 
ous, for there was no lack of material and at the same time I was 
studying with care Fuchs’s famous book. The Germans had managed 
at that time to convince the youth of the world that science began and 
ended with them. But so far as work on the eye was concerned I, 
for one, failed to be deeply impressed with Berlin. Examinations 
seemed to be far from thorough and the results nothing to boast about. 
With the ophthalmoscope the Germans claimed commonly to be able 
to distinguish the most minute changes even close to the macula with- 
out the aid of a mydriatic. After my return to London I asked 
Nettleship, certainly one of the most able and reliable of ophthalmos- 
copists, what he thought of that. To disprove the reliability of such 
examinations he quoted an experience of his own. He had succeeded 
a typical German surgeon as ophthalmologist at St. Thomas’ Hospital 
and thus had fallen heir to his patients as well as to his notes. He 
said that his own examinations of the fundus, a mydriatic being used, 
revealed a constant stream of pathologic changes which had _ been 
missed. Nettleship’s book on diseases of the eye ranked high in those 
days, as he did himself among the senior ophthalmologists. He was 
specially interested in the question of heredity. For example, he made 
a study of its relation to retinitis pigmentosa. He found that in 23 
per cent of cases he could trace heredity without consanguinity, in an 
equal percentage consanguinity without heredity and in 3 or 4 per 
cent heredity combined with consanguinity. One third of the patients 
were deaf, and others showed cerebral or other defects. 

In those days there was nowhere such minute and careful atten- 


tion to asepsis as is now universal. In Germany asepsis was more 
apparent in theory than in practice. I find that frequently in my 
notes I speak of Silex with much respect, as one of the younger men 
who promised to make a name for themselves. Silex was conducting 
Hirschberg’s clinic in his absence. I also find many references in 
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my notes to Dr. Perles. Albrecht was Schoeler’s assistant. All things 
considered, I came to the conclusion that the common opinion of the 
time in America and Britain concerning the relation between surgeon 
and hospital patient in Germany was justified—the Lord had provided 
the superior being with common clay on which to work out his theories 
and incidentally to learn his business. The casual manner of the one 
toward the other I saw exemplified one morning when I looked in on 
Hartmann’s clinic. Hartmann and his book on the ear were then 
‘ famous. He was a magnificent physical specimen, but I thought 
him a little careless of common humanity when he had a patient 











Fig. 2—Dr. Joseph Bell. 


stretched out on one of the waiting room forms while he operated on 
his mastoid with hammer and chisel. 

I do not remember where I got the following information, but I 
think it was from Schoeler himself. Of the three professors paid by 
the state Schweigger got the patients who could not pay. The fees 
at Schoeler’s clinic were: first class, 10 marks; second class, 7% 
marks; third class, 4 marks; fourth class, 2% marks. Patients also 
paid for drugs, and they paid up to 6 or 7 marks for visits as well 
as varying amounts for operations. Removal of a cataract might cost 
as much as 600 marks. But Schoeler paid the “inspector,” his assis- 
tants and the porter. The house belonged to him. He supported 
thirty people. 
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I had been undecided whether to go to Berlin or to Vienna. From 
friends who had been to Vienna I had gathered that excellent tutorial 
classes for students had been arranged there with a special eye to 
American beginners, while I had already been working in ophthal- 
mology for some years. I fancy that there was another reason for 
the popularity of Vienna. It was a gay and merry city, and there was 
not that undercurrent of jealousy of Britain and America which was 
already in process of development in Berlin. Besides myself there 
was only one English-speaking student in Berlin who was working ° 
on the eye: Rowan, who now, I understand, is doing well in Glasgow. 

Now my notes take me to London. As in Berlin, I made one of 
nearly every interesting case I saw. I can cull only a handful to 
illustrate important debates of days gone by. 

In London as elsewhere the debate on iridectomy in the extraction 
of cataracts went on apace. Shall one snip a piece off before removy- 
ing the lens? If so, how much and where? “Snip” said they of the 
school of -safety first. But “No,” replied their opponents with a vigor 
equal if more restrained, “we'll take the risk because there need be no 
prolapse, while the patient will look better to us and we'll look better 
to him.” One surgeon, determined that there should be no prolapse 
in his cases, removed as much iris as he could coax within the teeth 
of his forceps. He was Mr. Couper, the inventor of a refracting 
ophthalmoscope 8 or 9 inches (20 or 23 cm.) long, afterward improved 
by Mr. Morton’s chain of lenses. At his house Morton taught classes of 
three at a time how to operate on the eyes of pigs, including the lids. 
He was himself a most dextrous operator, and he wrote an excellent 
little book on refraction. Before his extractions he instilled physostig- 
mine salicylate solution in order to deepen the anterior chamber and 
permit of a delicate grip on the pupillary margin of the iris. The instilla- 
tion of this solution also tended to prevent postoperative prolapse of the 
iris. He removed the smallest amount possible at iridectomy, his desire 
being merely to get rid of the tension of the ring muscle. The theory 
then commonly held at Moorfields (Royal London Ophthalmic Hospital) 
was that the resistance of this muscle to the escape of aqueous was 
the cause of prolapse. Morton therefore cut the iris with scissors 
pointed not across but toward himself. He pulled out the iris with a 
Tyrrel hook. When he died he left his ophthalmoscope as a monument 
to his name. 

The majority of the London ophthalmologists favored iridectomy. 
William Lang—it was he who first directed attention to the relation 
between diseased teeth and certain ocular infections—was in London 
the most influential advocate of simple extraction. But after the lens 
was out he made a point of replacing the iris with forceps. His hands 
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were small, lady-like and shaky, but I know no man I should have 
preferred had I been in the unfortunate position of needing an eye 
operation, because he always shook into precisely the right position. I 
look on Mr. Lang as having ranked among the best of modern oph- 
thalmologists and the most stimulating of teachers.* 

A hole? in the iris close to its external periphery, made after the 
extraction, long popular in Britain, appears to me most satisfactorily 
to settle the question of iridectomy, because it permits the free passage 
forward of the aqueous, is invisible and leaves a normal round pupil. 

The proper treatment of the lens capsule was then another subject 
of debate in London, because Mr. Couper was advising, and himself 
practicing, the removal of the anterior layer with a special six-toothed 
forceps. He opened the forceps widely before closing it and gently 
shook it, and away came the membrane. This maneuver produced a 
fine clear pupil, which remained so for a while. But it found few 
disciples, mainly because the posterior layer remained and on it there 
was likely to develop a deposit of proliferating cells, while even a 
crinkling of its surface is enough to interfere with vision and necessi- 
tate a needling. 

It used to be said at Moorfields that needling caused a number of 
infections entirely disproportionate to the severity of the operation. 
That may have been because then it was too lightly considered and too 
carelessly performed. It is now known that, as Mr. Lang pointed out 
to his students, the needle should be of exactly the same diameter 
throughout and perfectly round, should be introduced under the con- 
junctiva and should be withdrawn with the utmost care because, as 
Mr. Treacher Collins showed, glaucoma has been caused by the drag- 
ging of a scrap of capsule into the corneal wound. 


There was then considerable difference of opinion over the treat- 
ment of juvenile soft cataracts after they had been needled. One side 
said “Leave them alone to be absorbed.” The other advised their 
immediate removal by suction through a small flat cannula attached to 


1. When “Willy” Lang died the medical profession lost a most endearing 
character. His son, who promised to fill his shoes, died soon after him. 

2. April 1941—On glancing over my notes made in Berlin in December 1892 
I notice the following which I quote exactly as then written: 


“Perles—Iridectomy. Holes made in each eye for iridectomy.” 
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a tube, the motive power being supplied through the tube either by the 
mouth of the operator, some fluid intervening, or by a delicate syringe, 
The results after suction were brilliant, and the risk of secondary iritis 
was diminished. But as the eye was opened there was the risk of infec- 
tion. One or two of the surgeons used a somewhat similar simple 
apparatus to wash out the debris remaining after extraction of a senile 
cataract, but it was generally preferred to coax it out through the cornea, 

Mr. Hartridge, one of the senior surgeons to the Royal West- 
minster Ophthalmic Hospital, at Charing Cross, had written the most 
popular book on refraction. Of a charming personality, he was an excel- 
lent teacher of his special subject and also a fine diagnostician. I did 
not, however, rank him, or indeed any other of the surgeons to this 
hospital (where I was for long a clinical assistant and later house sur- 
geon), as a topnotch operator. They were therefore all the more ame- 
nable to any gentle hint that the house surgeon had no insuperable 
objection to taking their place. I thought them very gentlemanly in 
that respect. One of their most valuable enterprises was the monthly 
clinical evening, arranged by each surgeon in turn. He was expected 
to beg, borrow or steal every good case of an abnormal fundus that 
he could lay his hands on. There were met many famous surgeons 
from elsewhere. A slip of paper detailing the fundus picture was laid 
face down beside the case report, and one was expected to make a 
diagnosis before looking at it. 

Priestly Smith, of Birmingham, was a particular friend of Mr. 
Frost, the senior surgeon, and came to the hospital occasionally. It 
will be recalled that his experiments on ocular tension and his book on 
glaucoma made a profound impression. He had been an engineer 
before studying medicine and was therefore well prepared for his deli- 
cate experiments, which led to the conclusion that the immediate causes 
of the high tension were mechanical. High tension he found was most 
likely to appear when the cornea was small, indicating that the space 
between lens and ciliary body was unduly narrow, the anterior cham- 
ber shallow and the exit of the ocular fluid easily blocked at the angle. 

His atlas of the fundus was Frost’s chief claim to fame. The pic- 
tures used to be thrown on a magic lantern screen while he pointed out 
what was particularly interesting. He retired comparatively young to 
wander over the face of the earth. He said that he had once invited 
Fuchs to stay the night with him. Fuchs shook his head and took a 
shot at the British proclivity for enucleation. ‘No, thank you,” he said. 
“T fear that when I waked I should have but one eye.” 

The fear of sympathetic involvement was something of a night- 
mare wherever there turned up a doubtful wound of the eye. The 
risks taken on the continent were considered unjustifiable in Britain. 
The causation was constantly debated and never settled. 

















STIRLING—REMINISCENCES OF OPHTHALMOLOGISTS 735 


In order to mitigate the unpleasing effects of enucleation or simple 
exenteration, Mules, of Manchester, introduced his operation of clear- 
ing out the contents of the sclera and inserting a glass ball. This was 
received with mixed feelings, for many surgeons feared sympathetic 
involvement. The results at the time were beautiful to behold, and I 
did half a dozen of the operations. But the operation as then per- 
formed was doomed to ultimate disfavor. Often the ball was discharged 
because it was too big; it might be smashed, and if I am not mistaken 
there was a case or two of sympathetic involvement. Still the operation 
was the initial step in a movement that has been of benefit to persons 
who for their own sake and that of others care for their appearance, 
one of the commonest of virtues. Frost replaced the glass by lumps 
of fat, which soon disappeared. Webster Fox used gold balls, all 
manner of replacements were tried and now simple enucleation has 
gone out of fashion. 

In those days there was considerable difference of opinion con- 
cerning the treatment of conical cornea. Some surgeons removed a 
wedge from the apex with a Graefe knife, but the best instrument 
seemed to be the cautery. It was said that the size of the wound should 
be proportionate to that of the cone, but at least 3.5 to 4 mm. 
in diameter ; that the edges should be vertical, and that it should reach 
Descemet’s membrane. Debate again arose: To perforate or not to 
perforate? As opinion appeared about equally divided, some authorites 
decided to compromise and merely pop the cautery through the center 
of the wound. It was of course deemed of great importance that the 
patient lie flat on his back until the wound had thoroughly healed. Can 
surgeons do any better now? 

In my old notes I find frequent reference to names I have not 
included in these very random reminiscences. Among the most notable 
of these are Mr. Marcus Gunn and Sir John Tweedie. 

Among his colleagues modest, gentle, Mr. Gunn was recognized as 
a supremely reliable observer and interpreter of the most minute details 
of intraocular disease. His name will go down to posterity through 
“Gunn’s dots.” These, as is well known, are best seen with a dim light. 
They are found near the disk in healthy dark persons who complain of 
dazzling in a bright light. They seem to run in families. Mr. Gunn 
believed them to be large ganglion cells or groups of cells. His cus- 
tom in refraction was to measure with the direct method applied to 
arteries at right angles. He did preliminary iridectomy in the treatment 
of cataract. 

Sir John Tweedie, with quite a grand presence, was something 
of a scholar, gave the impression of being rather lazy and used to enter- 
tain his audience in the operating room with reminiscences surgical 
and otherwise. He wrote little, which is to be regretted, for out of 
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his vast experience he could have made a valuable book. I recall his 
dictum that the word nictalopia is properly employed to mean night 
blindness and not day blindness, as is the case in at least some parts 
of the Continent. He was greatly admired by his confréres and was 
elected president of the Royal College of Surgeons. 

In those days the bright particular stars in the ophthalmic firma- 
ment of France were Landolt, who was a Swiss; Wecker, whose name 
at least suggests a German or border heritage; Galezowski, a Pole; 
Panas, a Greek, and Trousseau, who, I suppose, was pure French, 
Trousseau was perhaps the first to eliminate both speculum and cysto- 
tome in extractions of cataracts. He held the lids open with his fingers 
and sliced the anterior layer of the capsule with his knife as it crossed 
the pupil. 

Landolt was a good-looking and agreeable person and spoke excel- 
lent English. I remember him most clearly when pulling black hairs 
out of my eyebrows, because he said that raven hairs had no business 
among the gold. He had invented a rather complicated toy, called 
Landolt’s ball, for the purpose of simplifying his explanation of the 
ocular movements. 

Wecker seemed to me the most striking of the Parisian ophthalmolo- 
gists. As I recall him he was a big, heavy, brusque person with a 
large bald head. He had some abnormality of vision, I think high 
myopia with divergence; at any rate, when he operated his nose nearly 
touched his patient’s. Wecker was the great exponent of the theory 
that it is through the formation of a filtering scar that operation cures 
glaucoma. He experimented with sclerotomy alone but returned to a 
combination with iridectomy. Elliot’s trephine hole is simply the 
realization of older attempts to make a scar that would filter. Collins 
showed that the scar, because of the watch glass insertion of the cornea, 
was generally in the cornea at least as much as in the sclera and was 
rarely any more pervious than the original tissue. Colonel Herbert, 
after immense experience as an ophthalmologist in India, actually recom- 
mended and practiced in the treatment of noncongestive and moderately 
congestive glaucoma a wide subconjunctival incarceration of the iris in 
the wound for the sake of diffused drainage. Wecker himself used to 
be rather pleased to have an inclusion of the iris for the same reason. 
Herbert expressed the belief that his operation is absolutely safe in every 
way except for the risk, common to all operations for glaucoma, of 
endogenous uveitis and secondary cataract. I doubt his converting 
many of the skeptics, any more than Wecker did. 

Glaucoma has afforded the widest field in ocular pathology for the 
scintillation of the surgeon’s imagination, and I would say to any 
inquiring young and ambitious ophthalmologist “If you really wish to 
know the eye, study the history of glaucoma.” 
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I recall especially two dogmatic assertions of Wecker’s: that there 
js no such thing as tobacco amblyopia and that the defective vision 
thought to be due to the use of tobacco is always due mainly to the use of 
alcohol. He declared that to give up only tobacco will not improve the 
yision while stopping the use of alcohol and continuing to use tobacco 
will. He cited in support of his statements conditions in Paris during 
the siege of 1870, when there was much drunkenness and little food, 
and mentioned the Cubans, who are the heaviest smokers on earth and 
never suffer from tobacco amblyopia unless they drink. Back in London, 
I put the question to Nettleship. He said he had looked up his notes on 
private patients with tobacco amblyopia and had found that 8 were 
teetotallers, that 1 was a woman who drank heavily but was not known 
to smoke and that another was a publican, or saloon keeper, who smoked 
only one cigar or so a week and improved on stopping the use of alcohol. 
A little later Berry, of Edinburgh, told me he had seen 30 teetotallers 
with tobacco amblyopia. This divergence of opinion was explained by 
the difference in the tobacco and in the alcohol of France and of Britain. 

Wecker in his vehement way differed from his London colleagues 
on the question of the removal of wounded eyes as a precaution against 
sympathetic involvement. I saw eyes retained in his clinic and in 
Landolt’s that would have been immediately excised in England. 
Wecker affirmed that because only 5 per cent of wounds of the ciliary 
region ever caused sympathetic involvement it was foolish to remove 
every possible exciter, especially if the conjunctivas were sewn over 
the wound. 

At this time Wecker was already operating for detached retina by 
cauterizing once a week for perhaps ten weeks over the site of the 
detachment. He penetrated the sclera but tried to avoid going entirely 
through it. His good results he attributed to resulting choroiditis with 
adhesions. 

I recall a scene in Wecker’s clinic which illustrates the attitude of 
Continental surgeons toward their charity patients. A young man under 
whose conjunctiva Wecker was preparing to inject a solution of mercury 
bichloride, suddenly experienced a change of heart, or felt that his feet 
had gone into cold storage, or acted on some other motor impulse. 
He leaped from the table and made for the door. Mon dieu! Sacré! 
Mille tonverres!| The whole staff was after him, surgeons, students, 
aides. They seized him by the hair, the arms, the legs; they carried 
him kicking and fighting to the table and held him there while the 
triumphant surgeon stuck the needle in his eye. 

Dr. Bull, of Montreal, trained in the Manhattan Eye, Ear and 
Throat Hospital, carried on a large practice chiefly in refractions among 
both English-speaking people and the French. He later read before the 
British Ophthalmological Society a paper on the clignement or pressure 
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of the lids as affecting the shape of the cornea. It was favorably 
criticized at the time, and Parsons in the 1927 edition of his book said: 
* the radius of curvature of the horizontal meridian (of the 
cornea) is longer than that of the vertical. Perhaps the pressure of the 
lids on the globe tends to squeeze it above and below.” But I believe | 
rather conclusively proved in papers published in 1920 and 1921 in the 
ARCHIVES and elsewhere that the axis of astigmatism generally swings 
with the years and almost always in a direction opposed to that indicated 
by Bull’s theory. Bull was good enough to invite me to become his 
partner, but to do so would have meant passing a searching examination 
in the very rudiments of medicine, and that in the French language; so 
in spite of the fact that Paris was such a delightful city that all good 
Americans went there when they died, I declined the honor with many 
thanks. 

Some one took me to see Javal, to whom so many ophthalmologists 
in this country seem to think they owe a debt of gratitude. I was told 
that the mathematics of the Schiotz-Javal instrument were worked out 
chiefly by Schiotz, a Swede. Javal was a sad picture, growing gradually 
blind, I think from glaucoma. Yet he remained cheerful and agreeable. 
No ophthalmometer ever found much favor with British ophthalmol- 
ogists. For refractive purposes they gave their heart to retinoscopy, the 
child of their own Sir William Bowman. But some of them, like Hart- 
ridge and Gunn, were averse even to retinoscopy for students. They 
advocated making the preliminary measurements of refraction by the 
direct method because to do so provides the most thorough training. 
This I will say: I believe Javal’s and every other ophthalmometer have 
been by no means a blessing to American ophthalmology and should be 
abolished in every clinic. 

My personal feelings toward Galezowski are mixed. I remember 
him as a large rotund man who had married a celebrated countess and 
had invented a prismatic ophthalmoscope with the object of bringing 
into view the more anterior area of the fundus and as inviting me to 
dinner. That dinner makes me creep inside. I never ate it. It was 
set for 7 o'clock at his house. At 7 o'clock or after in my room in the 
famous Boul’ Mich’, the stout form of Dr. Galezowski, up to that 
moment crowded out of mind by his own and other interesting cases, 
again dawned on my consciousness and nearly swept it out of existence. 
I don’t know what I said in the letter I concocted while waiting for the 
messenger, but as in those days I had a notion that honesty was the best 
policy it was probably a frank and humble confession of sin. Galezowski 
unwittingly had an ample revenge for my rudeness. The shah of Persia, 
the king of kings, had an eldest son, Zille Sultan, the shadow of the 
king. That shadow was afflicted in the eyes. The shah cabled Galezow- 
ski to come posthaste to Isfahan or to send some one in his stead. 








—_ 
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Galezowski hit on Treacher Collins as his substitute. Collins had been 
for some ten years pathologist to Moorfields and was thinking of resign- 
ing. He was also thinking about a certain young woman from New 
Zealand and a honeymoon when Galezowski’s message so timeously | 
arrived. What a happy coincidence! A trip with his bride to Ceylon ‘ 
and thence up the Persian Gulf to the palace of the king of kings! Did 
Collins forget Galezowski’s invitation? Oh, no! And here is how my 
humble life was affected. I had been working with Collins two or three 
times a week for a year in the Moorfields laboratory, and he had sug- 
gested that I might be a suitable person, not of course to fill his shoes, | i 
but to step into them. Along with other work, I had searched the | | 
pathologists’ notes made during thirty years for cases of primary sar- | 
coma of the orbit. I had found and examined the notes on 29 cases. . 
I had also examined the vortex veins of twenty eyes enucleated for i ! 
primary glaucoma. Full details on these were published in the Royal 
London Ophthalmic Hospital Reports for 1893. i 

As fate would have it, a few days before the arrival of the shah’s i 
cable I had decided to visit friends and the clinic in Edinburgh and 
departed without saying where I was going. When I arrived back at 
Moorfields a fortnight later Collins and his wife were already well on i 
their way to Persia and a nice chap called Marshall was comfortably 
installed in the laboratory. He became full surgeon in due time. That’s 
what Galezowski and the king of kings did to me. 

On his return Collins wrote an interesting book with the title “In the 
Kingdom of the Shah.” As “the great hakim” he had such crowds of ' 
patients that it was found necessary to call out the military to keep them | | 
at a distance. He told me that extracting cataracts was “just like shell- 1 
ing peas.’ The wild Bakhtiyari from the adjoining mountains were WG 
specially grateful. Among their offerings were Arab steeds, but such | 
matters as carpets were more portable. It was a splendid experience, 
but unfortunately it was considerably spoiled on the way home, both for 
him and for Mrs. Collins. He had maintained a delusion, shared I 
understand by his brother, Sir Joseph, that vaccination was valueless if 
against smallpox, and he had skipped the little operation. He had ample i 
opportunity to reconsider the subject as he lay in a smallpox hospital in ) 
Constantinople. 


| 

| 

I need scarcely dilate on the virtues of Treacher Collins as an I 
¥ 

fi 





ophthalmologist. One can read few articles on the eye in which his if 
name does not appear. At the meetings of the British Ophthalmological 4 
Society his opinion was always listened to with special deference. He | 
had the unique honor of being twice elected to its presidency. f 

During the aforementioned visit to Edinburgh I had some interesting 
talks with Ernest Maddox, and he was later kind enough to correspond 
with me on certain cases of unusual muscular involvement. His health 
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was never robust, and eventually he left Edinburgh for Bournemouth, a 
pleasant town on the South coast of England. 

It was when confined to his bed or couch that he worked out the 
basis of his book on prisms. In his house in Edinburgh he showed me 
what he called the mother of the rod test. It consisted of two prisms 
bases touching. When held before one eye, the other eye being closed, 
it caused a candle light to appear in two positions, both false, joined by a 
line produced by the junction of the two prisms. When the other eye 
was opened a third flame, the true image, appeared. 

The position that Maddox took on the question of the use of 
mydriatics in refraction was that it is more scientific to omit them 
because some of the hypermetropia of the large pupil may be due to 
the fact that the curvature of the cornea is greater at the periphery than 
at the center. After having tried both methods I personally believe that 
the best procedure is when possible to examine first with and later with- 
out a mydriatic, always concluding with both eyes open. This often 
means the addition of a quarter of a diopter or even much more to a plus 
glass, because the relaxation of the zonule produced by the mydriatic 
may permit a forward displacement of the lens, with a resulting tempo- 
rary reduction of hypermetropia. Such a lenticular displacement proba- 
bly accounts for the fact that not infrequently a higher plus glass is taken 
without a mydriatic than with one. 

The zonule has been the subject of one of the most interesting 
researches in ocular physiology in recent years. In days gone by one of 
two theories of accommodation was accepted. Tscherning held that the 
strain of the zonule, or suspensory ligament, on the periphery of the lens 
by flattening the periphery actually caused its pupillary area to bulge. 
But the shape and refraction of a subluxated lens seemed to prove the 
other theory, that of Helmholtz, to be correct. He maintained that the 
lens tends of its own elasticity to become spherical. Yet one most 
important feature in the Helmholtz theory had always, at least to me 
personally, appeared most unsatisfactory; that is, that the choroid is 
drawn forward in order that the suspensory ligament may relax. Then 
came Thomson Henderson, of Nottingham, like his late fellow towns- 
man Robin Hood, to shoot an arrow to the clout and knock ancient 
authority sky high. 

In the Doyne Memorial Lecture at Oxford for 1926—which, inci- 
dentally, won for its author the Nettleship memorial prize—Henderson 
convincingly cleared up the puzzle. His research, prolonged and 
thorough, swept the field from the humble oyster to the king of beasts— 
I do not mean mankind, though one might, and Henderson investigated 
him too. For students who may not be familiar with this branch of 
Henderson’s work I shall try in conclusion to summarize it in a few 
words. 
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The key to his investigations lay in his observation that the tense 
zonule does not pass from the lens outward in a straight line but is 
curved. If Helmholtz were correct this would seem contrary to nature. 
Henderson soon found, as was to be expected, that as the function of 
accommodation grows more complicated with the evolution of mam- 
malian life so does its machinery. This is remarkably simple in the 
Herbivora, less simple in the Carnivora and considerably more highly 
developed in the Primates, including man. In the Herbivora, therefore, 
the scheme of accommodation is most easily demonstrated. It is well 
known that in fetal life the lens is practically a sphere that nearly fills 
the eye and that as the containing wall recedes the zonule needs must 
tighten up and compress the lens. But the lens or at least its cortex 
tends as long as it lasts to return to its pristine form. What prevents it? 
Henderson has shown that this persistent force is not the traction of 
the choroid but the tone of the ciliary muscle. If one imagines the zonule 
as a cord immovably fixed at one end to the cribriform ligament and at 
the other end to the lens, with the ciliary muscle inserted into the middle 
of this cord, one will have a rough picture of the anatomy of accommoda- 
tion and understand how the traction on the zonule that flattens the lens 
must put a kink in the zonule. 

But is such tonic muscular contraction in accordance with the laws 
of physiology? Here enters Sir Charles Sherrington’s classic work on 
what he called the postural activity of muscle. He clearly demonstrated 
a noteworthy function of smooth muscle fibers. Smooth muscle is 
always supplied by both excitatory and inhibitory nerve fibers yet has 
the power of remaining static and at rest in any position set by these 
nerves without the further expenditure of nerve energy, like a rifle that 
is cocked or an old-fashioned window catch that is set. The ciliary 
muscle is thus locked and unlocked by the excitation of the sympathetic 
fibers and the inhibition of the fibers of the third nerve. This is precisely 
the reverse of the action of these fibers on the pupil and on the sphincter 
or the depressor fibers of the ciliary muscle. 

Henderson at the same time demonstrated that presbyopia results 
not so much from a gradual loss of elasticity of the nucleus of the lens, 
whose cortex is continually being renewed, as from a marked and easily 
demonstrated sclerosis of the cribriform ligament and the fibers of the 
ciliary muscle which develops with advancing years. 


Baldwin Heights. 











CHANGE OF AXIS OF ASTIGMATISM 
ON ACCOMMODATION 


WENDELL L. HUGHES, M.D. 
HEMPSTEAD, N. Y. 


Estimating the error of refraction involves problems which are not 
commonly thought of during a routine examination but the recognition 
and the proper solution of which may be of extreme importance to the 
patient who presents the variation from the average. The purpose of 
this paper is to call attention to a rare condition which might easily 
escape detection, viz. a considerable difference in the axis of a moderate 
amount of astigmatism when the eyes are adjusted to the reading dis- 
tance and when they are adjusted for distance fixation. 


Since the first case was observed I have recognized 3 more and 
several other oculists have each recognized a similar one, their cases 
being included in the present report. This would indicate that the con- 
dition is not extremely rare, and one should be on the alert in cases in 
which the near vision is not as good as one would expect from the acute- 
ness of the vision for distance, especially if the near vision is unequal, as 
in several of the cases reported here. Other factors of unequal accom- 
modation, aniseikonia and ocular disease, such as the presence of central 
lenticular opacities, must of course be ruled out. The first case is 
reported in considerable detail to forestall criticism as to inadequacy of 
investigation. 


This condition was first brought to my attention by a very intelligent 
patient, as reported in case 1. 


REPORT OF CASES 


Case 1—C. N. S., aged 45, a research engineer in the Bell Telephone Lab- 
oratories, had had considerable discomfort on use of his eyes for near work. 
He had noticed that through the reading segments of his bifocals the sight of 
the left eye was considerably better than that of the right and also that by 
rotating the right lens of his reading glasses considerably from the position 
prescribed he could see fine print which had previously been illegible and brought 
ordinary print into much better focus. An investigation on April 15, 1938 con- 
firmed his observations. The following conditions were found: 

The distance vision of the right eye was 20/15+ with +0.75 D.sph.o 
+ 1.00 D. cyl. axis 155. With the addition of a + 1.25 D. sph. the patient was 
able to read with difficulty 0.88 mm. type, the near point being 250 mm. and 
the far point 280 mm. Addition of mofe spherical power did not increase the 
ability to recognize small print. 
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On testing with a + 0.25 cross cylinder with the eye fixed on a near vision 
chart at reading distance indication was found that a different axis was desirable 
for near range. The best vision was finally obtained with the same strength 
cylinder at 135 degrees, at which position there was a neutral response to the 
shift of the cross cylinder. It was also found that without change in the spherical 
strength of the presbyopic addition the visual acuity had increased to the ability 
to recognize 0.5 mm. type at a range of accommodation of 250 to 330 mm. 
Cross cylinder tests to determine strength were then done with this axis, and 
the same strength was indicated. Both a +1.25 D. cylinder and a + 0.75 D. 
cylinder were rejected in favor of the + 1.00 D. cylinder. 

The + 1.00 D. cylinder was then rotated 15 degrees in each direction from 
this axis (150 and 120 degrees). Each rotation resulted in a noticeable diminu- 
tion of vision and of range, to the extent that 0.5 mm. type became blurred. 
The patient was requested to set the axis of the cylinder himself several times. 
This test confirmed the 135 degree axis for reading distance. 

It was then thought that possibly the cylinder axis for distance was in error; 
so the spherical presbyopic addition was removed and the cylinder left at axis 
135 degrees. The distance vision was found to be 20/30—. Cross cylinder 
tests, rotation settings of the cylinder by both examiner and patient and use of 
the astigmatic dial all repeatedly confirmed the previous strength and axis of 
the astigmatism for distance, at which axis, viz. 155 degrees, the vision of this 
eye was 20/15 +. 

The axis of the astigmatism of the left eye was found to be approximately 
the same for distance and for near vision. In this eye vision was 20/15 with 
+150 D. sph. +0.75 D. cyl. axis 15. With the addition of a + 1.25 D. 
sph. the patient could recognize 0.5 mm. type, the near point being 250 mm. and 
the far point 300 mm. 

Because of these unusual findings the patient was asked to return in eleven 
days for further testing, at which time the findings were confirmed. 

The patient had separate reading glasses as well as bifocals; so the axis of 
the right reading lens was rotated to 135 degrees. No change was made in his 
bifocals, as it had not yet been proved that the condition was reasonably 
permanent. 

He was seen again three weeks later, at which time the axis of the cylinder 
for the right eye was again found to differ for distance and for near vision. 
The plus axis preferred for distance vision was as before (155 degrees) and for 
near vision was 118 degrees. For the left eye the patient preferred a plus axis 
of 15 degrees for distance vision and of 180 degrees for near vision. He was 
asked to return in two months. On July 1 he was again tested, and the plus 
axes of the right eye of 155 degrees for distance vision and 120 degrees for near 
vision were confirmed. The axes of the left eye were 10 degrees for distance 
vision and 180 degrees for near vision. The reading lenses were adjusted to 
these axes, and a prescription for bifocals was given. 

It is interesting to note the other findings brought out by the examination: 


Exophoria of 2.00 prism diopters for distance vision and of 18.00 prism diop- 
ters for near vision was present, with hyperphoria on the left of 1.50 to 2.00 
prism diopters. These anomalies had been observed when the patient was first 
seen, in 1936. Prisms totaling 3.00 prism diopters base in and 1.25 prism diop- 
ters vertically had been worn for many years. An examination for aniseikonia 
showed that the image seen by the right eye was 1 per cent smaller, in the 
vertical meridian and 2 per cent smaller horizontally than that seen by the left. 
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The following prescription was given for bifocal glasses, which were made 
up with cement segments : 


Distance : Right eye: + 0.75 D. sph. = + 1.00 D. cyl. axis 155 — 2.004 base in 


0.75 4 base up 
Left eye: + 1.50 D. sph. 7 +0.75 D. cyl. axis 10 — 1.004 base in 


0.50 4 base down 
Reading: Right eye: + 1.75 D. sph. = + 1.00 D. cyl. axis 120 ~ 2.004 base in 
0.75 4 base up 
Left eye: +2.75 D. sph. > + 0.75 D. cyl. axis 180 — 1.004 base in 

0.50 4 base down 


To be made up in bifocal form. 


The vision of each eye was 20/15-+ for distance, and 0.5 mm. type was read 
at 250 to 330 mm. with each eye. 

The patient was comfortable with the new lenses until one year later, when 
it was found that there was a change, particularly in the left eye. The follow- 
ing error of refraction was found: 


Distance: Right eye: + 0.75 D. sph. ~ + 1.00 D. cyl. axis 148 
Left eye: + 1.50 D. sph. —~ + 0.25 D. cyl. axis 35 
Near range: Right eye: + 2.00 D. sph. ~ + 1.00 D. cyl. axis 130 
Left eye: + 2.75 D. sph.— +0.25 D. cyl. axis 75 


With these combinations the vision was equal with each eye for distance and 
for near vision. 

A prescription was given for bifocals, the prismatic correction being the same 
as that previously given. 

The patient has been treated recently for ulceration of the cornea and has 
had no complaints referable to his error of refraction, the prescribed lenses still 
being comfortable. 


Case 2—Dr. E. C. J. was first seen in 1932, at the age of 45, when the 
following history was elicited: 

He had had diplopia at the age of 10 years and had worn glasses for two 
or three years. Since then he had occasionally used a rest glass for reading. 
A chalazion had been present on the left lower lid and one on the right upper 
lid, both of which had been treated. 

A slight twitching of the upper lid had been noticed for the past few weeks, 
especially during reading. The uncorrected vision of the right eye was 20/30— 
and that of the left eye 20/25; improvement to 20/20—and 20/15, respectively, 
was obtained with the following lenses: right eye, + 1.00 D. sph. > +025 D. 
cyl. axis 80 (0.5 mm. type could be read at a near point of 150 mm. with each eye) ; 
left eye, + 0.75 D. sph. — + 0.50 D. cyl. axis 92. 

The tension, the muscles, the media and the fundi were normal. There was 
a Mittendorf dot on the posterior surface of the right lens. 

Two years later, July 29, 1934, the error of refraction was found to be as 
follows: right eye, vision 20/20 with + 0.62 D. sph. +0.62 D. cyl. axis 
70; left eye, vision 20/15 with + 0.75 D. sph. = + 0.75 D. cyl. axis 90; near vision, 
ability to read 0.5 mm. type at a near point of 220 mm. with each eye; esophoria, 
2.00 prism diopters; exophoria at near range (13 inches; 33 cm.), 6.00 prism 
diopters, and vertical deviation, absent. 
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The same error was found one year later, April 7, 1935. 

Five years later, July 12, 1940, the following error was found for distance 
yision: right eye, vision 20/15 with + 0.87 D. sph. +0.62 D. cyl. axis 15 
(with the addition of a + 1.50 D. sph. 0.7 mm. type would be recognized) left 
eye, vision 20/15 with + 0.25 D. sph. — + 0.25 D. cyl. axis 90 (with the addition 
of a + 1.50 sph. 0.5 mm. type could be recognized). There were esophoria for 
distance of 4.00 prism diopters and exophoria at near range of 6.00 prism diopters, 
and the vertical muscle balance was normal. 

With the plus cylinder of the right lens rotated to axis 75 degrees, 0.5 mm. 
type was readily distinguished as far as 270 mm. At the axis found for distance 
05 mm. type could not be read. This error of refraction was confirmed by 
subsequent tests two months later. A prescription was given for reading lenses 
only since there were no symptoms referable to use of the eyes at distance. 


This case was recognized by my associate, Dr. Byron C. Smith; 
I confirmed the findings at that time and on a subsequent visit. 


Case 3.—Miss Edna S., aged 18, had had esotropia since she was 3 years of 
age. She had worn glasses since she was 3%. 


‘ 43.00 
43.50 





42.75 





93° 90° 


The corneal measurements in case 3. 


Vision was good in each eye, with the following error found by manifest 
refraction: in the right eye with + 2.50 D. cyl. axis 8 vision was 20/20 and 
0.5 mm. type could be read at a near point of 150 mm.; in the left eye with 
+100 D. cyl. axis 180 vision was 20/20 and 0.5 mm. type could be read at a 
near point of 90 mm. 

Rotating the cylinder of the lens for the right eye to 18 degrees brought the near 
point in until it was the same as with the left eye and enabled the patient to 
read 0.5 mm. type with ease. A change from this axis for near vision resulted 
in diminished clarity of the print. 

With refraction during homatropine-paredrine! cycloplegia the axes for dis- 
tance vision were found to be the same as those obtained with manifest refrac- 
tion. The corneal astigmatism was found to be as shown in the accompanying 
illustration. The corneal measurements did not change on accommodation and 
were the same before and during cycloplegia. 

The patient had esotropia of 50 prism diopters for distance and for near vision, 
with defective fusion and alternating fixation. There was a small conjunctival nevus 





1. The preparation of paredrine used was paredrine hydrobromide ophthalmic 
(p-hydroxy-a-methylphenethylamine hydrobromide, 1 per cent in distilled water, 
made tear isotonic with 2 per cent boric acid and preserved with merthiolate 


1; 50,000). 
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near the limbus at about 1 to 3 o’clock. Otherwise the external and internal examj- 
nation of the eyes gave entirely negative results. 

A prescription was given for two pairs of lenses, one for distance vision and 
the other for near work. 

Case 4.—Mrs. Ethel F., aged 39, complained of burning and a tired feeling 
in the eyes. The manifest refractive error was found to be: for distance Vision, 
right eye 20/20 with + 0.75 D. cyl. axis 30 and left eye 20/20 with +075 p, 
cyl. axis 150; for near vision, right eye +0.75 D. cyl. axis 75 and left eye 
+ 0.75 D. cyl. axis 150. 

With cycloplegia there was no change in the strength or the axis of the 
cylinder of the left eye but for the right eye the patient preferred the same 
strength cylinder at axis 45 degrees. 


Since the condition in the first case was recognized I have spoken 
to many colleagues and have twice reported this condition before the 
New York Ophthalmological Society. At a meeting on November 11, 
1940 Dr. Rudolph Aebli* reported the following case: 


Case 5.—A young man struck in the right eye had traumatic mydriasis with 
rupture of some of the lower zonule fibers. The lens, the vitreous and the fundus 
were normal. The vision was 20/20 in the right eye with + 1.25 D. cyl. axis 
105 and 20/20 in the left eye with +1.25 D. cyl. axis 75. Accommodation was 
0.5 D. less in the right eye than in the left. The patient complained of diffi- 
culty in reading and stated that the vision of the right eye blurred. Dr. Aebli 
prescribed + 0.50 D. sph. — 1.25 D. cyl. axis 105 for the right eye and + 125 
D. cyl. axis 75 for the left. 

The patient read Jaeger test type no. 2 with difficulty with the right eye and 
Jaeger test type no. 1 with the left eye and still complained of blurring during 
reading. 

After conversation with me, Dr. Aebli tried rotating the cylinder and found 
that the patient preferred it at 135 degrees in his reading glasses and with this 
axis could read Jaeger test type no. 1. 


Dr. James Greear,® of Washington, D. C., reported the following 
case, in which there were other factors, on account of opacities and 
irregular corneal astigmatism. 


Case 6.—Dr. J. F. R., aged 71, gave a history of having had ulcers of both 
corneas following measles at the age of 5 years, and he had some fine superficial 
scars of the cornea of each eye, slightly more marked in the right. Vision in 
the right eye was 18/200; with the addition of —0.75 D. sph. — —1.75 D. cyl. 
axis 50 it was 20/50 —1. Vision in the left eye was 20/50; with the addition 
of +1.50 D. cyl. axis 10 it was 20/30 —2. The muscle balance both for 
distance and for near vision was essentially normal. The patient could read 
Jaeger type no. 1 at 8% inches (225 mm.) slightly better with the left eye with 
+ 1.50 and + 1.00 D. spheres combined with the same cylinders. 

He reported on May 29, 1933 that he could read more comfortably with the 
right eye with his glasses reversed. On October 26 his refraction was again 


2. Aebli, R.: Personal communication to the author. 
3. Greear, J.: Personal communication to the author. 
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checked. Vision in the right eye with —1.50 D. sph. ~ —1.75 D. cyl. axis 60 
was 20/50—. Vision in the left eye with + 1.50 D. cyl. axis 10 was 20/30—. 
He read Jaeger type no. 1 at 8% inches (225 mm.) with the right eye with 
ease with + 1.50 D. sph. ~ —1.75 D. cyl. axis 160 and with the left eye with 
+1.00 D. sph. —~ + 1.50 D. cyl. axis 10. No change was made in his distance 
glass. The axis of the cylinder for the right eye was changed to 160 degrees. 
After this the patient was entirely comfortable. 

His vision was checked again on July 12, 1940. Vision in the right eye was 
20/200. With —0.50 D. sph. = —2.50 D. cyl. axis 55 it was 20/40. Vision in 
the left eye was 20/70. With +0.75 D. sph.+1.50 D. cyl. axis 10 it was 
20/40. He showed mild vertical muscular imbalance with mild esophoria both 
for distance and for vision. He could read Jaeger no 1 type at 7% inches (190 
mm.) slightly better with the right eye when the correction was + 1.25 D. sph. 
7 —2.50 D. cyl. axis 140 for the right eye and + 2.25 D. sph. ~ + 1.50 D. cyl. 
axis 10 for the left. The following prescription was given: 


Right eye: —0.25 D. sph. — —2.00 D. cyl. axis 52 = 2.004 base out 
+ 0.37 D. sph. = + 1.50 D. cyl. axis 10 — 2.004 base out 
Left eye: + 1.50 D. sph. — — 2.00 D. cyl. axis 150 
+ 2.12 D. sph. — + 1.50 D. cyl. axis 10 


Perhaps the patient’s corneal opacities had some bearing on the error of 
refraction. One certainly would not expect him to have much accommodation 
remaining at the age of 70. 


Dr. Avery Prangen* wrote in reporting a somewhat similar case, 
“I know of no reference to this subject in the literature.’ His case, the 
first that he encountered, is presented as case 7. 


CasE 7—Mrs. P., who had a pseudoconical cornea with a high degree of 
mixed astigmatism, for about ten years wore two pairs of glasses in which the 
axes for the astigmatism were different for distance and for near vision. This 
difference was approximately 30 degrees for one eye and 20 degrees for the other. 

The variation in the axes of the astigmatism had no relation to the conical 
cornea, since no other patient with the variation had any corneal abnormality. 

Her latest manifest refraction, at the age of 50, showed that vision was 6/7—2 
in the right eye with —1.00 D. sph. — —9.50 D. cyl. axis 35 and 6/15 + in the 
left eye with —8.50 D. cyl. axis 120. For near vision nothing was added to 
this correction for the right eye and a + 1.00 sphere was added for the left eye. 
It was found that for near vision the axis was 15 degrees in the right eye instead 
of 35, as for distance vision, and with a cylinder of this axis the vision was 
14/14 with the American Medical Association near vision test card. The axis 
in the left eye was the same for both distance and near vision. 

The patient had had typical low grade pseudokeratoconus ever since Dr. 
Prangen had known her. The results of examination with the Placido disk, the 
ophthalmometer and the retinoscope were typical. The condition remained sta- 
tionary throughout many years, and the patient was able to obtain satisfactory 
vision with the highly astigmatic lenses prescribed, wearing the two pairs of 
glasses, one for distance and one for near vision. 


Settentienitestmememe 


4. Prangen, A.: Personal communication to the author. 
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Dr. John N. Evans * reported a similar case: 


Case 8—Examination with homatropine showed an error of refraction of 
+ 0.75 D. cyl. axis 165. With fogging the vision with the same lens was 6/6 x 3, 
The patient could not use the lens at all for near vision until the axis was 
rotated to 90 degrees; then the vision blurred badly for distance. 


Several other outstanding ophthalmologists who were questioned 
had not encountered any such cases. 

Dr. Charles A. Drake ® reported having observed a similar case but 
gave no details. He thought the change in axis in his case was due toa 
slight rotation of the eye on looking down and in. 


COMMENT 


It is interesting to note that in all the cases reported the axis of 
astigmatism for distance vision was oblique. It is conceivable that in the 
act of accommodating the effect on the suspensory ligament of the lens 
is greater on a portion in line with one diameter of the lens than 
on a portion in line with another diameter, or that the lens matter 
in one sector may be more (or less) rigid than the remainder of the 
lens.*. Either hypothesis would explain the conditions found. The 
change in axis could not be due to rotation of the eye as a whole, as no 
abnormal torsion was seen with the unaided eye, with the micruscope 
or with the ophthalmometer. The phenomenon must therefore be 
lenticular in origin. It is more remarkable that the axis of the astig- 
matism is usually the same for distance and for near vision than that 
a difference in the axis on accommodation is occasionally found. Dis- 
cussing the work of Dobrowolsky, Duke-Elder ® stated that there is no 
scientific foundation for the claim that the accommodative effort of the 
ciliary muscle deforms the lens unequally in different meridians. 

In designing bifoc:| lenses to correct the change in axis it is usually 
necessary to resort to cement segments. 

This unusual condition may be the cause of discomfort on use of the 
eyes at near range, and its detection may result in considerable increase 
in efficiency and comfort for the patient. 

I have been unable to find any reports in the literature of a similar 
condition, and none of the ophthalmologists with whom I have cor- 
responded was able to refer me to a report of a similar case. 

It is hoped that this presentation will stimulate further investigation 
into this interesting and unusual condition and that relief will be afforded 
patients who would otherwise remain unrelieved of their discomfort. 


5. Evans, J.: Personal communication to the author. 

6. Drake, C.: Personal communication to the author. 

7. Duke-Elder, W. S.: Text-Book of Ophthalmology, St. Louis, C. V. 
Mosby Company, 1934, vol. 1, p. 749. 
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SUMMARY 


Several cases are reported in which there was a change of the axis 
of astigmatism for near vision as compared to the axis for distance 
vision. The cause is presumed to be a sector weakness of the suspensory 
fibers of the lens. 


Note.—It is my impression that this phenomenon may be due to a 
weakness in one portion of the suspensory fibers of the lens causing 
unequal effects on different meridians of the lens on accommodation, 
with resulting irregular change in the shape of the lens. This is par- 
ticularly suggested by Dr. Aebli’s case, in which a rupture of some of 
the fibers of the zonule was seen clinically. 











i 
te 
i 
it 
ia) 
ie 
i 
H 
if 








RETINAL PERIPHLEBITIS IN THE COURSE OF 
ACUTE EXUDATIVE CHOROIDITIS 


ARNOLD KNAPP, M.D. 


NEW YORK 


During the course of acute exudative choroiditis 2 patients presented 
periphlebitic changes in the retinal veins. These changes developed in 
the early stage, when the disturbance of the vitreous was pronounced; 
they remained stationary for some months and then cleared up without 
leaving any ophthalmoscopic changes in the veins. They affected only 
the retinal veins, and the veins were involved without reference to the 
location of the choroidal exudate. The veins were congested but not 
tortuous, and the perilymphatic sheathing was distinct, covering the 
veins like a veil. At regular intervals the sheaths presented ampulliform 
distentions, usually at right angles to the course of the vein. At these 
places the red color of the vein was masked so that the blood column 
appeared interrupted and the picture resembled that of a pussy willow. 
Some of the veins showed only sheathing, without the ampulliform 
dilatations. The arteries presented no anomaly. There were in addition 
diffuse preretinal opacities such as are seen when the disturbance of the 
vitreous is pronounced. These resembled the early changes which I 
described in an article presented before this society some years ago, 
changes which later in part become organized. They did not affect the 
ultimate vision, and after the choroidal exudate was absorbed the eye- 
ground showed no change beyond the usual cicatricial and atrophic 
choroidal area. 

REPORT OF CASES 

Case 1—E. M., a boy aged 15, seen on Dec. 15, 1939, had a history of failure 
of vision in the left eye for one month, beginning with spots and flashes, and 
the vision was reduced to 20/50. In the nasal periphery of the fundus there was 
a large exudate in the choroid, with opacities of the vitreous. On Feb. 2, 1940 
the posterior corneal deposits and the opacities of the vitreous were unchanged 
but the temporal venous branches showed perivascular infiltration and sheathing. 
On February 26 other retinal branches showed a similar lesion. The veins were 
broadened with small superimposed white exudates like infiltrations of the lymphatic 
sheaths (fig. 1). On March 12 there was no change in the intraocular condition. 
On April 20 the vision was 20/50 and the retinal periphlebitis was unchanged. 
The patient then returned to his home in Colombia, South America, and he was 
not seen until Feb. 4, 1941, when the vision in the left eye was 20/40 — corrected 
with cyl. axis 30 to 20/20—. There were some faint opacities in the vitreous, 
but the choroidal area was quiet and atrophic. The retinal veins were normal. 


Read at the Seventy-Seventh Annual Meeting of the American Ophthal- 
mological Society, Hot Springs, Va., May 29, 1941. 
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Case 2.—A. E. W., a man aged 23, first seen on Sept. 22, 1934, stated that the ; 
yision in the left eye had been affected for two weeks; it was 20/70—. There 
were corneal deposits and many opacities in the vitreous. A fresh choroidal focus 
extending downward and outward near an old pigmented area could be observed. 
The retinal veins were dilated and presented many white spots in the walls, 
especially in the two nasal branches; these were similar to the exudates in case 1 
but not as marked. The changes persisted for some months and then gradually 
cleared up. At a final examination, on Sepf. 12, 1935, the vision was 20/20 and 
there were faint sclerotic changes in the retina in the macular area but the retinal 
vessels were apparently normal. A quiescent choroidal scar was present in the 
periphery of the fundus, extending downward and outward. » \ 





COMMENT | 


The causation in these 2 cases will not be discussed because in them, 
as in most cases of acute exudative choroiditis, the cause is not under- i 
stood and the treatment followed had no effect on the periphlebitis. 

This unusual complication of periphlebitis is interesting and can i 
be studied from a number of angles. Knowledge of the lymphatic spaces iy 
that surround the retinal vessels is not definite. Eisler * stated that there 
are no lymphatic vessels either in the optic nerve or in the retina, and 
histologic investigations have not succeeded in demonstrating their 
presence. Eisler stated the belief that the spaces are like the sheaths 
about larger arteries which result from vascular pulsation. Such spaces 
are not lymphatic sheaths and are not lined with endothelium but are | | 
splits in the tissue which contain ordinary tissue fluid and not lymph. Ht 

' 





nore 


In the case of the retinal vessels the glia represents the connective tissue 
which forms a vascular sheath. Dr. R. K. Lambert, of New York, was 
kind enough to show me a histologic specimen from a normal retina, 
cut on the flat, which demonstrates the lymphatic sheath of a retinal 
vessel and is not regarded by anatomists as an artefact. 

Koeppe* with his slit lamp microscope saw lymphatic sheaths a 
especially in the vessels on the papilla and in the case of certain morbid | 
conditions of the retina found them dilated, sometimes with ampulliform 9 
dilatations. He stated that the veins as well as the arteries are regularly | 
surrounded by perivascular lymphatic sheaths connected by a peculiar hi 
reticular framework and extending into’ the retinal structure. Ht 





a cme 


Keller * described the ophthalmoscopic changes which he observed 
in the retinal veins in a case of septic endophthalmitis and stated that 
this was the first case reported in the literature. These changes are 


1. Eisler, P., in Schieck, F., and Briickner, A.: Kurzes Handbuch der Ophthal- 
mologie, Berlin, Julius Springer, 1930, vol. 1, p. 152. 

2. Koeppe, L.: Nernstpaltlampe und Hornhautmikroskop, Arch. f. Ophth. 97: 
1, 34 and 198, 1918. 

3. Keller, J. M.: Retinal Periphlebitis in Septic Endophthalmitis and Its if 
Ophthalmoscopic Picture, Tr. Am. Ophth. Soc. 33:520, 1935. 
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similar to those observed in the 2 cases reported, and this fact shows 
that such changes may be caused by a number of conditions in the 
presence of a severe disturbance of the vitreous. In Keller’s case septic 
endophthalmitis followed a perforating injury of the sclera. A month 
after the injury the condition had cleared sufficiently to permit a view 
of the eyeground, and several small white, fairly well outlined, round 
disseminated spots were observed along the course of the retinal veins 
in the nasal half of the retina. ‘ More.spots appeared and then disappeared 
in the course of a few days. A faint persisting turbidity of the vitreous 
and haziness of the lens remained. 

Microscopic involvement of the sheaths of the retinal veins has been 
described in association with a number of inflammatory conditions of 
the eyeball. 

Verhoeff * was fortunate enough to have an opportunity to examine 
histologically the blind eye of a patient suspected of having sympathetic 
uveitis in the other eye. The latter eye responded to treatment and 
recovered. In the enucleated eye there was observed a choroidal lesion 
consisting of epithelioid cells, giant cells, lymphocytes and plasma cells. 
Every retinal vein was surrounded by a mantle of lymphocytes. A 
nodule, or collection of epithelioid cells, was observed contiguous to every 
retinal vein and in other places without any relation to the vein. 
According to Verhoeff the minute tubercles scattered over the surface 
of the retina had been produced by macrophages derived from the 
primary lesion and deposited on the retina from the vitreous with a pre- 
dilection for the retinal veins. 

Fuchs * drew attention to the accumulation of lymphocytes around 
the blood vessels, within the lymphatic sheaths and chiefly around the 
veins in cases of ectogenic intraocular inflammation. He stated the belief 
that toxins coming from the vitreous act on the retina, causing dilatation 
of the veins and migration of lymphocytes, which accumulate in the 
perivascular lymphatic spaces. As the process becomes more severe the 
lymphocytes infiltrate the inner layers of the retina, though the peri- 
phlebitis rarely exists alone, like a separate disease. 

In the presence of certain inflammatory processes in the anterior 
part of the uvea the pathologic agents may pass from the ciliary body 
along the perivascular lymphatic sheaths of the retinal veins, causing 
periphlebitis. This occurs particularly in association with tuberculous 
iridocyclitis and has been described by Meller, Verhoeff, Finnoff, Gold- 
stein and Wexler and others. 








4. Verhoeff, F. H.: Histologic Observations in Case of Localized Tuberculous 
Chorioretinitis, Arch. Ophth. 1:63 (Jan.) 1929. 

5. Fuchs, E.: Ueber Verinderungen des Sehnerven bei ektogener intraokularer 
Entziindung, Arch. f. Ophth. 91:1, 1916. 














-Retinal periphlebitis in acute exudative choroiditis. 
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Hemorrhages of the vitreous of adolescents. 
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Axenfeld and Stock ® have shown that spontaneous hemorrhages of 
the retina and of the vitreous arise from tuberculous disease of the 
sheaths of the retinal veins. The anatomic proof has been presented by 
Gilbert, Fleischer, Hans Wolf and others. The tuberculous process is 
lodged principally in the lymphatic sheaths of the veins. The veins are 
surrounded by rings of lymphocytes, with epithelioid cells and giant 
cells, which distend the lymphatic sheaths and cause spindle-shaped 
ectasias. Hemorrhages are present in the surrounding retinal tissue and 
break into the vitreous. The arteries are invaded only where they cross 
periphlebitic foci. There may also be a formation like a whitish veil 
in front of the retina—a development of preretinal layers which may be 
vascularized and suggest the beginning of retinitis proliferans (Schieck).? 

This is a different type of tuberculous infection, and Schieck 
expressed the opinion that histologically it resembles a tuberculous infec- 
tion in an allergic person, which is characterized by an indifferent 
inflammatory tissue reaction and a tendency to proliferation of the 
supporting framework. 

The ophthalmoscopic picture in cases of recurrent hemorrhages of 
the vitreous in adolescents, in which a periphlebitic process is present, 
is altogether different from the one described in this paper. 

Some years ago I observed a man aged 23 with recurring hemor- 
thages of the vitreous. After a hemorrhage had been absorbed the 
following ophthalmoscopic picture was presented: 


In the upper part of the periphery the course of a retinal vein was 
interrupted, a large whitish exudate rested on the lumen, broad infected 
lymphatic sheaths with numerous branches were visible and many 
hemorrhages and smaller exudates surrounded the course of the vessel 
and its branches. 

Dr. Harry Friedenwald was one of the first to draw attention to this 
condition (fig. 2). 

Finally, to return to my 2 cases, as the retinal veins nearest to the 
choroiditis were not particularly involved it seems rational to believe that 
the pathologic process coursed by way of the vitreous and that it must 
have been relatively mild since no permanent changes resulted in the 
veins, on the one hand, or in the retinal stroma, on the other. 


6. Axenfeld, T., and Stock, W.: Ueber die Bedeutung der Tuberkulose in der 
Aetiologie der intraokularen Hamorrhagien und der proliferierenden Veranderungen 
in der Netzhaut, besonders iiber Periphlebitis retinalis bei Tuberkulésen, Klin. 
Monatsbl. f. Augenh. 49:28, 1911. 

7. Schieck, F., in Henke, F., and Lubarsch, O.: Handbuch der speziellen 
pathologischen Anatomie und Histologie, Berlin, Julius Springer, 1928, vol. 11, 
pt. 1, p. 618. 
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LIME BURNS OF THE EYE: USE OF RABBIT 
PERITONEUM TO PREVENT SEVERE 
DELAYED EFFECTS 


EXPERIMENTAL STUDIES AND REPORT OF CASES 


ALBERT LOUIS BROWN, M.D. 


CINCINNATI 


The severe delayed effects of burns of the eye produced by certain 
chemicals are frequently unexpected because the initial injury seems to 
be exceedingly minor. Lime was chosen for these studies because it is 
used widely in industry, is frequently the cause of severe ocular destruc- 
tion and in corrosive action is representative of the caustic agents which 
most commonly produce burns of the eye. 

As a rule, when powdered lime (calcium oxide) strikes the open 
eye it adheres to the conjunctiva and cornea, part of it becoming dis- 
solved in the tears. This becomes slaked lime (calcium hydroxide), 
which is as caustic as the powdered form. The tissues touched by the 
lime are immediately burned, as evidenced by redness and slight edema 
of the bulbar conjunctiva and a superficial whitish infiltration of the 
cornea. First aid treatment consists of irrigation, removal of particles 
of visible lime, instillation of a so-called neutralizing solution, such as 
4 to 10 per cent ammonium chloride, and then application of atropine 
and a bland ointment. In a few hours the eye usually feels more com- 
fortable ; the conjunctival redness and swelling and the corneal infiltra- 
tion seem to be simply manifestations of a local irritation. Two to three 
days later, however, the conjunctiva may be intensely swollen and the 
corneal infiltration more extensive, with perhaps some erosion of the 
corneal epithelium. At this time there is usually no lime to be seen 
and yet the ocular signs have become much worse. In a few days the 
conjunctiva may become grayish around the limbus and the cornea 
usually looks worse, because the limbal vessels have become obliterated 
and the nutrition of the cornea considerably impaired. The cornea may 
then heal with a dense scar or may slough completely, exposing the 
lens and the vitreous. Symblepharons usually are formed, and the lid 
may become attached to the cornea from the palpebral conjunctiva, with 
almost certain loss of the cornea. Thus the eye may be completely lost 
in from one to three weeks. 


Read before the Section on Ophthalmology at the Ninety-Second Annual 
Session of the American Medical Association, Cleveland, June 4, 1941. 
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The prognosis in cases of severe burns of the eye treated conserva- 
tively, with irrigation, atropine and ointment, has been bad. Denig’* 
has emphasized the need for some protective tissue after severe burns. 
He advocated the use of buccal mucous membrane placed on the globe 
after the removal of as much burned palpebral conjunctiva as possible. 
He claimed greatly reduced progression of the delayed reactions, and 
he is supported in this view by the more recent experiences of Theis 
and Neuman. Neuman? anesthetized eyes of rabbits and dogs and 
touched the bulbar conjunctiva with concentrated sulfuric acid, taking 
special care not to burn the cornea or sclera. In the first series, after 
producing a third degree burn in this manner he used conservative 
treatment and found that a delayed reaction occurred far more often 
and the final outcome was much worse than after the removal of 
burned conjunctiva and replacement by buccal mucous membrane. Other 
observers have used thin skin grafts, which seemed to lessen the severity 
of late reactions. Likewise, egg membrane has been used. This has not 
proved suitable, because such tissue becomes macerated quickly and will 
not retain sutures to keep it from slipping. Zenkina* has used con- 
junctival transplants from cadavers for the same purpose. 

Five years ago I used Denig’s technic in 2 cases of severe lime 
burns. The eye seemed quiet after the transplants were placed, but the 
corneal erosion persisted. The grafts sloughed in four days, and sym- 
blepharon occurred. It seemed that the original burns were too slight 
to have caused all the late destruction, for the eyes never became quiet. 
Since the palpebral conjunctivas were very edematous and seemed to 
cause great discomfort, they were excised. Out of curiosity, I placed one 
of these conjunctivas in a rabbit’s eye with the burned side against 
the cornea. The following day the cornea was hazy. The tissue was 
left and the lids sewed together. Each day the eye was observed and 
the cornea found to have become definitely eroded, with a central 
area of dense infiltration, as though it had been directly burned with 
lime. On the fifth day the tissue was removed and the lids simply 
closed again ; the cornea healed with a dense central scar extending into 
the middle layers of the stroma. 


The foregoing observation suggested that the burned palpebral 
conjunctiva in constant contact with the corneal surface acted as a 


corrosive agent and that a similar situation might occur after any 
severe burn. 


1. Denig, R.: Miinchen. med. Wehnschr. 59:579, 1912: M. Rec. 148:395, 
1938. 


2. Neuman, J.: Klin. Monatsbl. f. Augenh. 95:490, 1935. 
3. Zenkina, L. V.: Vestnik oftal. (no. 2) 15:28, 1938. 
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Severe lime burns of the skin do not as a rule show delayed reactions 
except so far as subcutaneous necrosis continues because lime js 
actually present. The initial burn is usually the extent of the injury, 
although healing after any chemical burn is necessarily slow because 
the immediate repair processes are hampered by local necrotic tissye. 

The contrast of the reactions between a burned unopposed surface 
and two burned surfaces in contact was demonstrated in the follow- 
ing experiments. Three rabbits were placed under pentobarbital sodium 
anesthesia. The upper areas of the abdominal skin were shaved. These 
areas were burned with powdered lime and washed off with water in 


























Fig. 1—A, cornea two hours after direct application of lime. The epithelium 
is edematous, as are the upper layers of the stroma. #8, cornea five hours after 
direct application of lime. There is desquamation of the epithelium, and the edema 
of the stroma has increased. 


one minute. An unshaved area on each animal was burned and washed 
in a similar manner. Two opposing cutaneous surfaces in the right 
groin of each of the animals were burned with lime and washed off in 
one minute. The following day the burned areas of the shaved portions 
were slightly reddened, and they were fairly well healed in three days. 
The burned areas of the unshaved portions remained irritable and did 
not heal for approximately a week. This suggested that the smooth 
surfaces were more easily cleansed of all lime deposits, while the hairy 
surfaces retained particles of the chemical which could not be dislodged. 
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The two burned surfaces in the groins, which were allowed to rub 
against each other, remained irritable and did not heal for two weeks; 
there was considerable sloughing and an extension of the burned sites 
had started before healing began. This suggested that the rubbing of 
the two burned surfaces continued the irritation and prevented healing 
not so much because lime deposits were left but because the roughened 
and irritated surfaces irritated each other. 




















Fig. 2.—A, palpebral conjunctiva eight hours after direct application of lime. 
The epithelium is becoming necrotic, it is edematous, there are minute hemor- 
thages and infiltration with polynuclear cells is beginning. B, palpebral conjunctiva 


twenty-four hours after direct application of lime. All the signs shown in figure 1 
have increased. 


EXPERIMENTS ON RABBITS’ EYES 


EXPERIMENT 1.—Lime Applied to the Cornea Alone—Two rabbits were 
anesthetized with pentobarbital sodium. The lids of the right eyes were held apart 
by retractors and gauze carefully placed to protect the lids and conjunctivas. With 
a fine camel’s-hair brush a few particles of powdered lime (calcium oxide) were 


placed on the centers of the exposed corneas. A whitish area appeared on each 
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almost immediately. The lime was quickly washed away by water dropped in 
the eyes and immediately sucked up with a pipet to prevent spread in solution, The 
eyes were closed by a lid suture. In twenty-four hours there were small whitish 
corneal areas which stained in their centers and the bulbar conjunctivas were 
pinkish but not edematous. The palpebral conjunctivas were unaffected. Without 
treatment other than closure of the lids, the corneas cleared in five days without 
further spread of the erosion and without a scar. 




















Fig. 3—A, palpebral conjunctiva thirty-six hours after application of lime; a 
section of the fornix showing advancing necrosis of the epithelial surface. Great 
edema and infiltration are present. 3B, deeper section of the tissues in A, showing 
edema to the orbicularis muscle. 


EXPERIMENT 2.— Severe Burns of the Conjunctiva but Not of the Cornea— 
Three additional rabbits were anesthetized with pentobarbital sodium. The right 
eyes were exposed by retracting the lids, and lime was placed on several areas of 
the lower part of each bulbar conjunctiva near the limbus. Care was taken to 
protect the corneas. The eyes were irrigated thoroughly one minute later. The 
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Fig. 4.—4, cornea forty-two hours after it has been in contact with palpebral 
conjunctiva treated with lime. 8B, cornea four days after contact with burned pal- 
pebral conjunctiva. C, lower part of the palpebral conjunctiva ten days after a 
lime burn. There is advanced ulceration, with beginning repair. D, section of the 
same lid, from near the fornix, with regeneration and cicatrization beginning. 
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bulbar conjunctivas became reddened quickly. One hour later there was consider. 
able edema of the bulbar conjunctivas; the lids also became edematous. Twenty- 
four hours later the bulbar conjunctivas were very edematous and the corneas 
had slight superficial infiltration in the lower areas. In three days the edema 
was still severe but the corneas had cleared. The eyes were kept closed to insure 
uniform conditions. The conjunctival edema persisted for about ten days; the 
three eyes then became normal in appearance. 


EXPERIMENT 3.—Burns of the Palpebral Conjunctiva.—Three additional rabbits 
were anesthetized. The everted palpebral conjunctiva of each right eye was treated 
with lime, and the surfaces were washed in one minute. Care was taken to 
protect the globes during this procedure. The burned surfaces became red almost 
at once. The lids were closed with a suture. Twenty-four hours later the palpebral 
conjunctivas were too swollen to allow eversion of the upper lids. After the lids 
were separated with retractors, the bulbar conjunctivas were found to be slightly 
edematous and the corneas infiltrated with a superficial central haze. One per cent 
atropine sulfate solution and 10 per cent boric acid ointment were instilled and 
the lids closed. Forty-eight hours later, the lids could be parted by fingers, but the 
corneas were more hazy although the conjunctivas were less edematous. The corneas 
took no stain at this time. In seventy-two hours the bulbar conjunctivas had lost 
most of the purplish discoloration and edema. The palpebral tissue was swollen and 
rough, and there were many sloughing areas. The corneal areas were definitely 
eroded and took a stain. From this time the conjunctival edema, both palpebral 
and bulbar, became less and small whitish areas of conjunctival scarring appeared 
near the limbus. On the fifth day the process in each of the eyes seemed to have 
reached its height. The change from day to day thereafter was slow. Two weeks 
after the initial injury each cornea had a dense central scar which could be stained 
faintly. Each rabbit had a permanent central corneal scar. The bulbar con- 
junctivas were fairly normal, and there was considerable scarring left in the 
palpebral tissue. 


Since it was noted that the burned cornea healed in a reasonable 
time when protected by smooth palpebral conjunctiva and that a 
severely burned palpebral covering of itself could cause corneal erosion, 
a smooth protecting membrane between the two surfaces seemed neces- 
sary. Several membranes, such as oiled silk and thin rubber tissue 
from a rubber glove, were tried. These did not seem ideal, because 
they were too thick, caused irritation or were not sufficiently pliable, 
Rabbit peritoneum, which is easily obtainable in sufficiently large strips, 
proved to be the tissue of choice. 


ExpERIMENT 4.—Use of Peritoneum in Rabbits’ Eyes—The right eyes of 5 
rabbits under anesthesia were treated with lime, no effort being made to protect 
the surfaces. The eyes were irrigated thoroughly in one minute. Severe burns 
resulted. Strips of rabbit peritoneum were sewed into the upper and lower fornices, 
so that the bulbar and palpebral surfaces were separated. The period of edema 
and corneal erosion transpired and in five days was fairly well over. The peritoneum 
was removed on the sixth day in 1 rabbit. A dense corneal scar which did not 
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Fig. 5—A, cornea four weeks after contact with burned palpebrai conjunctiva, 
showing regeneration of the corneal epithelium, edema of the stroma and some 
fibroblastic repair. B, section of a similar cornea, showing vascularization and 
some repair. C, cornea seven weeks after contact with burned palpebral tissue. | 
There are erosion, infiltration and some repair and vascularization. | 
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stain was present. The following day the transplant was removed from another 
rabbit, and each succeeding day to the eleventh another transplant was removed, 
The final results in all the rabbits showed without question that although there were 
corneal scars they had not progressed or become as deep as those which developed 
when the surfaces were not protected. 


REPORT OF CASES 


Case 1.—M. H., a workman aged 36, was splashed in the right eye while working 
with lime. The employer irrigated his eyes with water. Since the patient felt no imme- 
diate discomfort, he continued working. Five hours later the right eye burned 
intensely and felt as though he had “hot sand” in it. He was seen about six hours 
after the injury. At this time his lids were edematous but could be easily parted, 
There were great lacrimation, conjunctival edema and redness. A small whitish 
superficial infiltration was present in the lower portion of the cornea. The palpe- 
bral conjunctiva was swollen and contained a few lime deposits. All visible particles 
were removed, and atropine ointment was instilled and a bandage applied. The 
man was hospitalized. He was seen about fourteen hours later, at which time 
the lids and conjunctiva were more swollen. The corneal area was larger, and the 
surface could be stained. The patient was prepared for operation; a rabbit was 
killed with ether, and through a midline incision in the rabbit’s abdomen a strip of 
peritoneum 4 by 10 cm. was excised. The tissue was folded and sewed into 
the upper fornix and placed over the globe loosely, and a lower fold was sewed 
into the lower fornix. The free ends were allowed to hang out between the upper 
and the lower lid. One per cent atropine sulfate solution was dropped behind 
the flap; no bandage was applied. The eye was irrigated three times a day with 
physiologic solution of sodium chloride. The second and third day the conjunctival 
edema was rather intense but the flap did not seem to be disturbed. Thereafter 
the discomfort diminished, so that the patient required no analgesic by the fourth 
day. On the sixth day the flap was turned out so that the cornea could be seen. 
The whitish area, which had seemed destined to become greatly eroded, had 
diminished to a small dot. The pupil was widely dilated, and the pupillary area 
was Clearly visible. Since the flap was causing no irritation and the bulbar con- 
junctiva was still edematous and sloughing, the flap was left in place. Fourteen 
days later the palpebral conjunctiva seemed quiet. Since the flap was becoming 
macerated, it was removed. The eye made an uneventful recovery, except that 
there was slight cicatricial entropion of the lower lid without symblepharon. The 
final vision was 20/30. 


Cases 2, 3 and 4.—A. L. (aged 40), B. C. (aged 46) and N. R. (aged 36), 
three workmen, were severely burned when a blower was suddenly turned on 
in the boiler in which they were working, blowing lime directly into their faces 
and eyes. They were met at the hospital about one hour after the accident. 
The face and eyelids of A. L. were severely burned, the conjunctivas were swollen 


and the corneas were already whitened. Rabbit’s peritoneum was immediately 
placed in both eyes. B. C. was less severely burned, but a considerable amount of 
foreign material was washed and picked out of both eyes. The immediate burns 
did not seem sufficiently severe to warrant transplants. This was an error, 
because the next day the palpebral conjunctiva of the right eye was very edematous 
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Fig. 6.—A, cornea eight weeks after contact with burned tissue, showing infiltra- 
tion, vascularization and repair. B, ten weeks after contact cicatrization. There 
is considerable vascularization. C, section of a similar cornea, from near the limbus, 
showing advanced cicatrization. 
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and was acting as a typical corrosive element, rubbing against the cornea. There 
was a large whitish area in the right cornea, which already showed erosion. The 
peritoneal transplant was immediately placed, and although the edema became 
greater, the corneal erosion remained limited and healed, leaving a small scar. 
The left eye was not affected. The left eye of N. R. was badly burned and was 
immediately protected by peritoneum. The cornea was never affected. However, 
a symblepharon formed in the upper fornix where a part of the transplant pulled 
loose from the fixing suture. 


These 3 cases presented an unusual opportunity for study of the 
use and efficacy of a tissue transplant. I am convinced that the second 
patient (B. C.) would have lost his right eye had it not been for the 























Fig. 7.—A, sutures through the peritoneal flap. B, the flap in place; position of 
the sutures and buttons. 


timely recognition of the fact that this eye was going to present a 
delayed reaction and the consequent protection of the surfaces. 


TECHNIC OF TRANSPLANTATION OF RABBIT PERITONEUM 


Before the operation the extent of the damage should be determined, 
the eye carefully irrigated with warm water and all visible particles 
removed. Neutralizing solutions are of no avail unless used instantly 
and are better left out of the treatment because they may add further 
chemical irritation. If the lids are too swollen to permit a reasonable 
inspection, a wide external and even internal canthotomy may be done. 
A well grown rabbit is destroyed by ether, the midline of the abdomen 
shaved from the sternum downward and a midline incision made expos- 
ing the peritoneum. A section of peritoneum about 4.5 by 10 cm. is 
removed and passed through three successive washes of warm physio- 
logic solution of sodium chloride. The needles of two double-armed 
no. 5 silk sutures are passed through the center area of the tissue 
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about 2.5 cm. apart. The needles are then passed through the upper 
fornix, emerging under the brow. The tissue is shoved gently into 
the upper fornix with a bone spatula and the sutures pulled along to 
help. When the tissue is placed as far up as possible, the sutures are 
tied over buttons to prevent their cutting through the skin. The tis- 

















Fig. 8.—Side view of the flap in position. 


sue is smoothed out over the eye and similarly sutured in the lower 
fornix, considerable play being left in the flap to allow for shrinkage. 
This procedure allows a doubled, smooth membrane to cover the entire 
eye and separate all opposing surfaces. The ends are permitted to 
hang out, and no bandage is applied. Any medication or irrigation 
indicated may be applied beneath either surface of the flap. The outer 
edge of the flap may be raised for observation of the cornea. When 
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it is released it will fall back in place. The flap is removed when the 
cornea is healed and the palpebral conjunctiva seems quiet. The time 
for this is usually two weeks after a severe burn, but it is usually best 
to leave the flap for three weeks or longer if no reaction or infection 
is manifest. The flap may be replaced whenever it becomes macerated 
or begins to shred. 


As a rule no reaction follows the placement of this tissue. If an 
allergic or other reaction occurs, the flap may be removed, and thin 
oiled silk or a section of rubber glove may be substituted, but these 
coverings cannot compare in neatness, smoothness and pliability with 
rabbit peritoneum. 

COMMENT 


The foregoing experiments and cases seem to indicate the produc- 
tion of a chemical alteration in the palpebral conjunctiva from a lime 
burn. The altered membrane acts as a reservoir of corrosive substance 
which cannot be seen or washed off but continues the eroding action 
of the original lime. Furthermore, this swollen and usually partially 
macerated tissue is so irritating to the cornea as to act as an independent 
agent in preventing healing of the corneal epithelium. Thus, when the 
cornea is first burned washing with water simply puts some of the lime 
in solution. The visible particles may be removed, but the initial dam- 
age has been done in the first few minutes. If the cornea and the 
palpebral conjunctiva are separated by a smooth membrane, further 
irritation between the two most greatly affected surfaces is reduced 
to a minimum. Besides, the burned surfaces of the palpebral and 
bulbar conjunctivas must be separated to prevent symblepharon. The 
sheet of rabbit peritoneum serves several purposes by forming a smooth 
covering for two opposing raw surfaces which must be kept apart until 
healing is well advanced. The use of Denig’s buccal mucous membrane 
graft is the closest approach to a rational attempt to separate and pro- 
tect the burned areas. However, Denig’s graft is placed on a macer- 
ated and often quickly infected area and frequently sloughs, leaving a 
wider area of erosion, which subsequently ends in greater cicatricial 
distortion and does not prevent symblepharon. Skin inlays are too 
rough, and they slough because of the underlying tissue, which cannot 
form a healthy or firm base. The rabbit peritoneum is not a graft but 
a protective covering to allow healing and therefore does not depend 
on the underlying tissues but protects them. After the first stage of 
healing, i. e. epithelization of the cornea with no staining, which should 
occur in four to eight days, the peritoneum has usually shrunk and 
begins to strip off in places. It rarely adheres firmly to the ocular tis- 
sues and can be removed with ease even after three weeks. If the 
peritoneum can be kept in place until the second stage of healing, 1. ¢. 
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when swelling of the conjunctiva has abated and the surfaces are rela- 
tively smooth, even though scarred, the dangers of further erosion of 
the cornea and of symblepharon are usually passed. The flap may 
now be removed and the eye treated with atropine and ointment accord- 
ing to the indications. The removal or repair of scars should not be 
attempted until several months later, depending on the indications. 


CONCLUSIONS 
1. Conservative treatment of severe lime burns with ointment or 


drops is worthless in preventing delayed corneal erosion and sym- 
blepharon. 


2. Experiments on rabbits suggest that chemical alteration of the 
palpebral conjunctiva in contact with the cornea is harmful. 


3. The delayed severe corneal erosions after lime burns are usually 
due to the caustic effects of burned palpebral conjunctiva in contact 
with the cornea. 


4. Affected surfaces must be completely separated by smooth tissue 
to allow healing. 


5. Rabbit peritoneum seems to answer all needs for a protective 
membrane. 


6. The use of this substance should be efficacious after most 
corrosive chemical burns. 


ABSTRACT OF DISCUSSION 


Dr. EuGENE L. Butson, Fort Wayne, Ind.: Ophthalmologists are 
aware of the severe delayed effects, often out of all proportion to 
the apparent severity of the original burn, sometimes produced by the 
action of a caustic in the eye. That these results are due to the 
inability to remove the offending agent completely from the tissues of 
the eye has been demonstrated by Dr. Brown’s experiments. He has 
also clearly shown the severe escharotic action and delay in healing 
produced by the action of a caustic on unprotected contiguous surfaces, 
as compared with the relatively mild reaction occurring in tissues not 
in apposition. Application to the eyeball of a protective covering 
which will serve also to keep opposing surfaces separated seems to be 
not only the logical form of treatment but a necessary precaution if the 
severity of the sequelae is to be minimized. Skin grafts and transplants 
of various kinds have not been altogether satisfactory. In an attempt 
to prove to my own satisfaction the efficacy of Dr. Brown’s method, 
I performed some of his experiments on rabbits’ eyes, using peritoneal 
implants as a protective covering. Three rabbits were anesthetized 
with pentobarbital sodium, and a small amount of powdered lime (cal- 
cium oxide) was dusted into the six eyes. No other treatment was 
given to the three left eyes. A strip of fresh rabbit peritoneum wide 
enough to cover the eyeball completely and long enough to be tucked 
and sutured into the upper and lower fornices in a double fold was 











768 ARCHIVES OF OPHTHALMOLOGY 


placed in each of the right eyes according to the technic described by 
Dr. Brown. In all cases there was less scarring of the conjunctiyas 
in the eyes protected with implants than in the unprotected eyes, 

In a second experiment, with 3 additional rabbits, a larger amount 
of lime was used in each eye and it was allowed to remain for a 
longer period. On the seventh day the erosion of the corneas in the 
right eyes, which had been protected as in the first experiment, did not 
seem to be as deep or as extensive as that in the left eyes. At the end 
of two weeks there were large, dense white scars on the corneas of 
the left eye and the lids were distorted as a result of extensive scarring 
and the formation of adhesions. While there was permanent scarring of 
the corneas in the right eyes, it was not as dense or as extensive as 
it was in the unprotected eyes. The conjunctival changes were definitely 
less evident in the eyes in which the implants were used. : 

The ultimate outcome in the second experiment was even more 
striking than it was in the first, probably because the eyes in the second 
experiment received much severer burns. The results show without a 
doubt the value of a protective covering in preventing severe delayed 
reaction from burns of the eyes with caustics. 

Peritoneal implants offer many advantages over skin grafts and 
other tissues; they are easily obtained, remain in place better, will 
not slough, because they do not depend on the underlying tissues for 
nourishment, and afford complete protection to the ocular structures. 
It should be remembered that the implant is not a graft in any sense 
of the word but is merely a protective covering of the eyeball which 
prevents the burned areas from coming in contact with each other and 
with healthy tissue. Rabbit peritoneum seems to be suitable. It is 
both easily obtained and easily prepared, and it should prove to be a 
valuable adjunct in the treatment of severe burns of the eye. 

The best results are obtained with the thinnest strips of peritoneum 
it is possible to cut. In my first experiments I used thicker strips, 
and I believe that they are harder to handle, are more difficult to keep 
in place and may have a tendency to cause irritation. 


Dr. Ropert J. Masters, Indianapolis: Dr. Brown has presented 
material of great interest, since lime burns of the eye are so inclined 
to produce tragic results that any promising form of treatment arrests 
attention. 

Shortly after reading this paper, I treated a patient with lye burns 
of both eyes. I followed Dr. Brown’s method, but the implants were 
too thick, including fascia and muscle in addition to peritoneum. They 
were apparently irritating to the corneal tissue and were removed after 
two days. 

Experiments on the eyes of 5 rabbits followed. Dr. Mary Alice 
Norris and Dr. M. Mann, residents in ophthalmology at the Indiana 
University and Indianapolis City hospitals, assisted. Three rabbits 
were treated with slaked lime and 1 with unslaked lime, the material 
being dusted indiscriminately into both eyes and allowed to remain for 
three to ninety minutes. The eyes were then carefully cleansed, and 
one eye was treated by implant, the other remaining untreated, as a 
control. In each rabbit pronounced inflammatory and degenerative 
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changes developed in the cornea of the treated eye, while the untreated 
eye healed with moderate or no corneal scarring. One eye of the 
fifth rabbit was treated by implant, the other eye being left untreated, 
as a control, with no preliminary exposure of the eyes to lime. The 
treated eye of this rabbit exhibited corneal necrosis. (Slides of all the 
eyes were shown. ) 

In all the experiments the implants were isolated and sutured in 
place under careful surgical asepsis. Having learned by my mistake 
in the operation on my patient, I was careful to isolate thin strips of 

ritoneum containing no other tissue. Cultures were made of material 
from both eyes of each subject, but the results were not significant. 
Care was exercised to place the visceral surface of the peritoneum 
against the conjunctiva and the cornea. 

The premise on which Dr. Brown’s proposed treatment is based 
seems entirely sound. This is true of the other therapeutic measures 
which he has given to the medical profession. The protection of the 
cornea from the abrasive action of a damaged palpebral conjunctiva 
represents a good principle of treatment. It seems, however, that some 
other thin protective membrane should be substituted for rabbit peri- 
toneum, since the latter has exercised a deleterious effect on the cornea 
in my small experience with it. 


Dr. ALBERT L. Brown, Cincinnati: It is rare for two discussers 
to take the time and the trouble to go so thoroughly into the subject. 
Both of them particularly mentioned the immediate or early edema of 
the lid after the implantation of rabbit peritoneum. I mentioned that 
this occurs no matter how thin the peritoneal implants are. I hope I 
shall have an opportunity to discuss it later with Dr. Masters. I believe 
that his implants were much too thick. As soon as the implant strikes 
the secretion of the eye and the tears, it undoubtedly swells if there 
is any fascia or muscle tissue attached. The peritoneal tissue alone 
is not so apt to swell; it is almost inert with regard to swelling in 
fluid. I investigated different fluids that in py approximate tears, and 
I found that if a piece of peritoneal implant had aponeurotic fascia or 
muscle attached to it, it swelled in twenty-four hours to almost six 
times the original size. A criterion for the preparation of a peritoneal 
implant, therefore, is that it must curl when it is laid on a flat board. 
It must be tissue paper thin. The only way I know to remove such a 
piece is to dissect the entire wall, turn it inside out, have an assistant 
hold the muscle tissue with a pair of hemostats and then dissect it out. 
A piece big- enough to use in a normal human eye takes fifteen to 
twenty minutes to prepare. 

I am not sure that peritoneal tissue is the final choice, but I am 
satisfied that the two opposing surfaces must be separated by an 
implant rather than a graft and must be kept separated if possible until 
the second stage of healing has ensued. 

Dr. Pascal has asked what advantage this method has over the 
application of large contact bands filled with a suitable medicament. 
Ido not know. I have never used a contact glass in such cases, but I 
have used metal implants which I attempted to mold to fit exactly the 
fissure and the surface of the globe, and I found that the patient was 
unable to bear any kind of a resistant metal. 
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HYDROGEL QUALITIES OF THE VITREOUS 


L. von SALLMANN, M.D. 
NEW YORK 


It is known that a large part of the vitreous fluid is water bound by 
capillary attraction and ready to escape when the vitreous is injured, 
Only a small amount of the fluid is colloidally bound to the substrate of 
the fibrils as hydration water. These conditions explain the primary 
difference in the results of volumetric investigations with varying 
technics. For reasons mentioned in a previous paper’ the vitreous 
should be examined in toto. Important as observations on the expan- 
sion of isolated fibrillar substance may be, it is of course not feasible to 
draw conclusions about volume changes of the vitreous from them. In 
the more frequently used method of recent investigators, pieces were cut 
from different parts of cattle vitreous and were found to decrease steadily 
in a physiologic milieu. This decrease, probably caused by the uncon- 
trolled escape of capillary fluid, was prevented in our experiments by 
avoiding any serious injury to the vitreous (pigs’ and human) ; that 
is, by leaving the ciliary body, the posterior part of the lens capsule and 
a thin layer of the optic nerve, with the retina, in place. Such vitreous 
preparations expand in physiologic solutions of sodium chloride, and 
the expansion can be studied under different conditions. 

Recently reported experiments ' demonstrated the amount of swell- 
ing of protected pigs’ vitreous in isotonic buffered solutions of different 
hydrogen ion concentration. The volume curve differed from the curve 
of volume loss reported by Baurmann and Thiessen,? Duke-Elder * and 
Goedbloed.t| Baurmann and Thiessen deduced the gel nature of the 
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vitreous from the resemblance of its curve to the turgescence curve of 
some ampholyte gels. Goedbloed disagreed with their interpretation 
because of the implication that changes in the electric charge were 
responsible for the different degrees of loss. He explained the loss in 
yolume in strongly acid ranges as the result of coagulation of the muco- 
protein in the form of filaments, which, as they draw together, mechani- 
cally press out the fluid; he considered the decrease in volume in 
strongly alkaline ranges as due to the dissolving action of alkalis on the 
framework. 

The volume changes of hydrogels in solutions of different hydrogen 
jon concentration are characteristically reversible. Goedbloed found, how- 


TaBLE 1.—Volume Changes in Distilled Water Following Changes in Solutions 
of Different pu 








Volume Change 
Volume Change After 18 Hours in 


Original After 18 Hours in Distilled Water 
Volume, pu Solution, (After 18 Hours in 
pu Ce. Ye pu Solution), Ce. 
ne din cihdaee vans olennhe sees eu 4.45 —0.65 —0.25 
3.85 —O0.8 —0.05 
Re ie ae nd niee Onegin oes eAle 3.6 0.35 +-0.35 
4.35 —0.25 —0.4 
Stash idniua gveuesuneressnoeen 4.7 +0.45 —0.4 
4.8 +0.4 —0.65 
MU rigtaks-6 Sida ahdiein d's Sime atee ema sie 4.25 +0.3 +0.15 
3.2 +0.3 +0.05 
i cicdwéecesnenreatenntecdnan en 5.05 +0.45 —0.15 
4.9 +0.25 +0.35 
SMD n ind a. 6 wears & pate alee cae eane ts 4.35 +0.25 +1.1 
4.5 +0.25 +0.65 
ebindLcwtwasnebe bes wenene es 4.45 +0.2 +0.5 
5.3 +0.25 +0.0 
NESE ibis abies edd WA awa ve wawewee 4.35 +0.4 +4.05 
4.3 + 0.65 +3.55 
rs he ba Sin bin dases Wawa ce eres aie 4.45 +1.35 +0.6 
4.65 +1.65 +1.9 





ever, that the decrease in volume of pieces of vitreous in solution of dif- 
ferent py was permanent. In the following series of experiments with the 
protected preparations described, the reversibility of such volume changes 
was studied by transferring the preparations after eighteen hours from 
the solutions of different py to distilled water. The figures of table 1 
are in general consistent with Goedbloed’s findings and prove that the 
volume changes are not reversible, especially in strongly acid (py 2) 
and alkaline (Py 9.6 and 10.6) solutions.® This behavior of the vitreous 
is different from that of hydrogels. 





5. The only exception occurred in a solution of pa 3.9 in which the gain in 


volume was regularly followed by an equal loss. No explanation can be given 
for this result. 
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Baurmann ® and Duke-Elder assumed that the ultramicroscopic Dic- 
ture of the vitreous is proof of its gel nature and compared it to that of 
some soap gels. Goedbloed drew attention to the fact that most hydro. 
gels have no ultramicroscopic structure whatever, while the transitory 
one of soap gels cannot be compared to that of the vitreous. Goed- 
bloed’s criticism is valid insofar as it is directed at the identification of 
fibrils as micelles and vitreous fluid as intermicellary fluid. But it is not 
valid, as the following investigations will show, insofar as it denies other 
qualities of the vitreous which are characteristic of hydrogels. 

Because of the definite expansion of the vitreous preparations in our 

experiments (in contrast to the loss found by other authors), it is feas- 
ible to compare this expansion with that of hydrogels. For a better 
understanding of this comparison some of the basic qualities of gels are 
reviewed. Although there are extremely different explanations of the 
nature of volume changes in hydrogels, there is little disagreement about 
the influence of certain outside factors on the capillarelectric charge 
and hydration of the substrate. The micelles of a hydrogel are thought 
to be in contact with each other at cohesion points ; the free parts of the 
surface of these elements carry the hydration and capillarelectric charge, 
The intensity of the electric charge or the hydration may be changed 
from without, causing variations in dimension which are characterized 
-by measurable differences in the volume of the gel. The absence or 
decrease of capillarelectric charge and the decrease in hydration may 
disturb the balance between contraction—and expansion—factors in 
such a way that forces of cohesion prevail. The gel structure will then 
contract until a new balance is reached. These changes in dimension 
are reversible principally if the number of cohesion points remains the 
same. The gel system will revert to its original volume if the pri- 
mary charge and hydration are restored; the volume will increase if the 
hydration exceeds its initial stage. This concept of the micellar struc- 
ture of gels and of its swelling and shrinkage, based on the work of 
Kruyt and his school, is followed here to simplify the complicated 
problem for ophthalmologists. 


EXPERIMENTS WITH HIGH CONCENTRATIONS OF NEUTRAL SALTS 


The first systematic study of the influence of neutral salts on colloid 
systems was carried out by F. Hofmeister. Different salts produce vary- 
ing degrees of turgescence in gels and act differently in high and in low 
concentrations. A characteristic sequence of neutral salts in high con- 


6. Baurmann, M.: Untersuchungen iiber die Struktur des Glaskérpers bei 
Saugetieren, Arch. f. Ophth. 111:352, 1923; Untersuchungen iiber die Eigen- 
schaften des Glaskérpers des Tierauges, ibid. 114:276, 1924. 














von SALLMANN—HYDROGEL QUALITIES OF VITREOUS 773 


centrations is called by Freundlich the lyotrope series. These salts pro- 
duce the swelling and shrinkage of gels by hydration and dehydration. 
Goedbloed examined the effect of such salts on pieces of cattle vitreous 
with the ultramicroscope and made the important observation that 
yitreous fibrillae showed sharper contours with dehydrating salts and 
more blurred contours with hydrating ones. He expressed the opinion 


TaBLeE 2.—Volume Changes in High Concentrations of Neutral Salts 








Original Volume After 


Volume of 24 Hours in Volume 
Vitreous, Salt Solution, Change, 
Salt Concentration Ce. Ce Percentage 
acieesisinses susnecuouseses 0.25 N 4.2 4.8 +14,32 
4.95 §.25 + 6.05 
0.5 N 4.7 5.8 +23.4 
3.95 4.8 + 24.05 
1.0 N 3.8 4.5 +18.63 
4.3 5.05 +17.44 
DN  iacitcrnce scm sway his 0.25 N 4.3 5.0 +16.25 
5.3 5.35 + 0.97 
0.5 N 4.0 4.95 +23.75 
4.76 5.6 +17.65 
1.0 N 4.45 5.65 +26.9 
4.8 6.0 +25.0 
Ebene eneeescb.6ncbucneeoees 0.25 N 4.05 4.1 + 1.23 
5.1 5.35 + 4.9 
0.5 N 4.0 4.5 +12.5 
4.05 4.3 + 6.17 
10 N 4.8 5.3 +10.41 
3.9 4.35 +11.53 
Ee cine cubcacsueee ee0eees 0.25 N 4.9 5.25 + 7.5 
4.83 6.15 + 6.62 
0.5 N 4.3 4.1 — 4.65 
3.9 3.7 — 6.13 
10 N 4.3 3.9 — 9.3 
4.45 3.9 —12.35 
wens anv nedveeed eae eas 0.25 N 5.35 5.25 — 1.86 
4.75 4.6 — 3.16 
0.5 N 4.15 3.6 —13.25 
4.1 3.5 —14.63 
1.0 N 4.15 3.5 —15.66 
3.85 3.4 —11.68 
ES vcr dicieceed sacs aecakies 0.25 N 4.7 4.45 — 5.31 
5.0 4.7 — 6.2 
0.5 N 4.48 3.5 —21.87 
4.35 3.4 —21.83 
1.0 N 5.2 3.95 —24.03 
5.18 4.2 —18.72 





that these structural differences demonstrate actual hydration and 
dehydration of the fibrils, but he could not find any relation between the 
structural alterations and volume changes, and, what is more, the vitreous 
decreased in volume when strongly hydrating salts were used. Similar 
results were obtained by Baurmann with high concentrations of these 
salts and in our experiments when the vitreous preparations were with- 
out protecting membranes or without the nerve head. The results were 
different, however, when protected vitreous preparations were used, as 
in the following experiments. 
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Potassium salts in equimolar concentrations of 0.25, 0.5 and 1 nor- 
mal were the selected neutral electrolytes, as they were employed by 
Bungenberg de Jong and Hennemann * in experiments on agar and gela- 
tin. The vitreous preparations went into colloidal solution somewhat 
(peptization) in the normal solutions of potassium rhodanide and potas- 
sium iodide. The figures for the volume at this concentration are there- 
fore not accurate. In general the volume changes were characteristically 
constant, corresponding to the lyotrope series. The vitreous prepara- 
tions swelled in solutions of potassium rhodanide, potassium iodide and 
potassium nitrate, increasing with the concentration. They shrank in 
0.25 normal solutions of potassium fluoride and potassium sulfate, and 
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Chart 1.—Volume changes in high concentrations of neutral salts. 


the shrinkage also was more pronounced in higher concentrations. They 
increased somewhat in volume in the weaker (0.25 normal) solutions 
of potassium chloride but decreased in higher concentrations. The 
sequence is therefore CNS, I> NO,>CL> F, SO,,. 

Chart 1 shows the varying amounts of the described volume changes. 
Chart 2 gives the results of experiments with gelatin reported by Bung- 
enberg de Jong and Hennemann.’ The similarity of the two curves Is 
evident. The nature of these variations in volume is explained by the 
hydration of the micelles, a theory which is widely accepted. The ultra- 
microscopic observations of Goedbloed confirm this view in the special 


7. Bungenberg de Jong, H. G.: Zur Kenntnis der lyophilen Kolloide, Kolloid- 
Beihefte 29:454, 1929. Bungenberg de Jong, H. G., and Hennemann, J. P.: Zur 
Kenntnis der lyophilen Kolloide, ibid. 36:124, 1932. 
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case of the colloidal system of the vitreous. The action of electric 
charge plays no recognizable role in such concentrations of neutral 
salts. 

The changes of volume in this series of experiments were reversible, 
like those of hydrogels in regard to shrinkage due to dehydration as well 
as in regard to expansion due to hydration. The vitreous preparations 
were measured after being removed from the normal solutions and were 
placed into 0.01 normal solutions of the respective salts. After twenty- 
four hours volume changes in the inverse direction were noted in all 
preparations. The initial volume was generally not restored, because 
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Chart 2—Volume changes of gelatin in high concentrations of neutral salts. 
(From Bungenberg de Jong and Hennemann.’ ) 


of irregularities in the extent of the oppositely directed volume shifts 
as shown by the figures of table 3. These can be explained,by struc- 
tural differences in the original preparations. Irreversible changes may 
be of some relevance, especially in the most marked volume gains in 
solutions of potassium iodide and potassium rhodanide. Such exceptions 
are likewise known in experiments with hydrogels and are supposed to 
be caused by far reaching lesions in the structure of the gel as prestages 
of peptization. 

These experiments prove therefore that solutions of neutral salts in 
high concentrations cause marked reversible changes in the volume of 


vitreous preparations by their hydrating and dehydrating action. The 
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volume changes resemble to a great extent those of gelatin, following 
the lyotrope series of anions. 


EXPERIMENTS WITH LOW CONCENTRATIONS OF NEUTRAL SALTS 


Electrolytes in low concentrations cause shrinkage of gels. This 
shrinkage is supposed to be a capillarelectric process, a discharge phe- 
nomenon. The amount of shrinkage depends on the valence of the ion 
whose charge is opposite that of the gel. In a negatively charged colloid 
system, as, for instance, in the vitreous at a physiologic py, the shrink- 
age depends on the valence of the cation. The nature of the cation and 
the nature and valence of the anion are without influence on the shrink- 


TasLe 3.—Volume Changes in 0.01 Normal Solutions of Neutral Salts Following 
Changes in Concentrated Solutions of the Respective Salts 








Volume Volume Change in 
Change in 0.01 N Solution 
Concentrated (After 18 Hours) 
Solution Following Change 
(After 18 Hours), in Concentrated 
Salt Concentration Ce. Solution, Ce. 
ee otek vakceer catty icntecntever 1.0N +0.55 —0.2 
+0.6 —0.35 
0.5N +0.53 —0.63 
+0.45 —1.05 
Dnbbacetigucininedsddeneumintenasdeen 1.0N +0.6 —1.65 
+0.65 —1.6 
eS oe ee She oa aioe. 1.0N +0.25 —0.4 
+0.23 —0.9 
a te eee ae Bid dachcnce Rae es 1.0N —0.5 +0.25 
—0.28 +0.1 
Dneileih 4cuoh oii ee ose cnuncudekinwees 1.0N —0.85 +1.0 
—0.85 +04 
tins eee ead bee bies 0O5N —1.49 +1.82 
—1.45 +1.95 





age (Schulze-Hardy law). It could be expected, therefore, that the 
action of the cations of electrolytes in low concentrations might interfere 
with the turgescence of the vitreous. The expansion of vitreous prep- 
arations in solutions of electrolytes of small concentration is vigorous. 
The counteractive effect of the salts could not be clearly demonstrated, 
mostly bécause of the difference in the original substrates, which resulted 
in different degrees of swelling, even, for example, in distilled water; 
only identical substrates could show small variations reliably. The 
technic was modified therefore in the following way. Desalination of 
the vitreous preparations by suspending them in flowing distilled water 
for twenty-four hours resulted in a 10 to 30 per cent swelling, due partly 
to the increased capillarelectric activity of the protein framework. The 
desalination was probably not complete, but this procedure could not be 
continued for forty-eight or seventy-two hours because of the disintegra- 














Taste 4.—Volwme Changes of Desalinated Vitreous Preparations in Low 
Concentrations of Neutral Salts * 








—————— 
Average Average 
Volume Volume After Average 
Concen- After Period in Change in 
tration, Desalina- Salt Solution, Volume, 
galt MEq. tion, Ce. Ce. Percentage 
5 5.34 4.78 —11.07 
KCl 10 5.24 4.65 —11.13 
ST nesled. ravvisus voveeseaeeees 5 5.47 4.62 —15.6 
Balls 10 5.55 4.68 —15.65 
rd ugossseesees cntanskeeeeh 5 5.37 4.58 —15.3 
Cals 10 5.92 5.05 —15.4 
MMAIOOIS.. «00s ccc ccevccesccecccvese 5 5.52 4.57 —17.12 
Oo(Hs) 10 5.27 4.33 —18.22 








* The figures of this table represent the average of 3 experiments. The detailed figures of 
single experiments are available on request. 
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Chart 3.—Volume changes in low concentrations of neutral salts after desalina- 
tion in distilled water. 


tion of the covering structures. Preparations with about the same 
degree of swelling in distilled water were used for further investigations. 
After volumetric measurement they were put in solutions of monovalent, 
bivalent and trivalent chloride salts, respectively potassium chloride, 
barium chloride and calcium chloride, and hexamine cobalt chloride. 
Dilutions of 5 and 10 milliequivalents were used. After twenty-four 
hours all preparations showed a shrinkage, which was least in potassium 
chloride solutions and most in solutions of hexamine cobalt chloride. 
Barium chloride and calcium chloride solutions produced a similar 
shrinkage, the degree lying between that produced by monovalent and 
that produced by trivalent salts. Because there was the same volume 
decrease in equimolar concentrations of calcium chloride and barium 
chloride, the law which states that the nature of the cation has no effect 


on shrinkage in negatively charged colloid systems can be applied-to the 
vitreous. 
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As shown in these experiments, changes can be produced in the 
volume of the vitreous by means of either factor, hydration or electric 
charge. In this respect the vitreous in toto acts like a real hydrogel, 


EXPERIMENTS WITH ALCOHOL AS A NONELECTROLYTE 


The influence of alcohol on the vitreous was studied as an example 
of the action of a nonelectrolyte. A decrease in volume occurred when the 
concentration of alcohol exceeded 40 per cent. The shrinkage increased 
with the increasing concentration of the alcohol. Chart 4 shows that 
the vitreous preparations lost about 30 per cent of their original volume 
in absolute alcohol. This loss was reversible. When the shrunken 
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-40 
40 % 60% 80% 100 % 
ALCOHOL 
Chart 4.—Volume changes in alcohol. 
TaBLe 5.—Volume Changes in Alcohol 
Volume Volume After 
Original After Period in 
Volume of 24 Hours in Average Distilled 
Vitreous, Aleohol, Change, Water, 
Aleoho!l Ce. Ce. Percentage Ce. 
{ 5.0 5.1 } { 
FE GeRicn c ccccccrcccesvceenzsces 1 7 + 2.28 { 
3.8 3.9 | | 
{ 4.55 4.38 ) { 
I RN go oo atk nc ossuceyospersens 4.68 { 
{ 3.55 3.35 J | 
f 4.0 3.5 ) f 4.65 
tg. ee err eee : i 13.7 { 
| 4.25 3.7 } | 44 
f 4.7 3.22 ) f 5.15 
RRMA DOOR. ..0.0 60s cccccevsesss { \ 20.7 j 
| 5.0 3.6 | 5.32 

















von SALLMANN—HYDROGEL QUALITIES OF VITREOUS 779 


yitreous was transferred into distilled water, the increase, owing to 
desalination, exceeded the original loss. As in gelatin gels, the decrease 
in volume can be explained by the dehydration of the micelles. Gelatin 
shrinks markedly, however, in 40 per cent alcohol and shows a greater 
decrease than that observed in the vitreous in alcohol of higher con- 
centrations. 

EXPANSION AND EXPANSION PRESSURE 


The expansion tendency found in a milieu of physiologic solution of 
sodium chloride leads to the question of the nature and amount of this 
expansion and the pressure exerted by it. The first two points were 
discussed briefly in a previous paper. As a result of new experiments, 
a rediscussion of these questions is indicated. Two explanations for the 
swelling of the vitreous in Ringer’s solution and in physiologic solution 
of sodium chloride were given, namely osmotic processes and a prior 


TABLE 6.—V olume Changes of Pigs’ Vitreous in Slightly Hypertonic Solutions 
of Sodiwm Chloride 











Original Volume 


Volume of After Volume 
Vitreous, 24 Hours in Gain, 
Sodium Chloride, Percentage Ce. NaCl, Cc. Percentage 
hehe cc bashcbeebs bene scene eeeete 5.2 5.5 5.75 
4.3 4.45 8.49 
Sian asic Stages exes cadnen wee 5.07 5.2 3.59 
4.85 4.85 0 
Dike t tteendsb ask ely wah seenabews 5.55 5.65 18 
4.98 5.08 2.01 





loss of fluid in preparation (assuming a certain elasticity of the vitreous). 
In addition to the explanation of possible differences in partial salt con- 
centration, it is conceivable that 0.9 per cent solution of sodium chloride 
and Ringer’s solution are not isotonic to pigs’ vitreous. Furthermore, 
Sugita * stated that the postmortem liquefaction of the vitreous causes an 
increased osmotic concentration. 

In relation to the first explanation, the behavior of the vitreous in 
slightly hypertonic solutions of sodium chloride, that is in 1.0, 1.1 and 
1.2 per cent solutions, was studied. A small expansion was generally 
evident, as table 6 shows. In solutions of still higher concentrations a 
loss in volume was found. 

To determine whether there is an increase in the osmotic concen- 
tration of the vitreous in the usual time for one experiment, the freezing 





8. Sugita, Y.: Weitere Untersuchungen iiber das Wesen der spontanen Netz- 


hautblésung, speziell iiber die Physikochemie ihrer Entstehung, Arch. f. Ophth. 
139:561, 1938. 
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if point depression was measured with the Beckmann-Heidenhain 
- apparatus. 


: The average freezing point depression of portions of vitreous fluid 
F obtained by centrifugation was 0.557 to 0.57 C. These figures corre. 
spond to those found by Cohen, Kamner and Killian ® and others but 
% are lower than that found by Sugita. The figures of Cohen and his 
associates and Jess*® were obtained for vitreous fluid, while Sugita 
apparently used solid vitreous. These figures do not of course repre- 
sent the true osmotic concentration of the vitreous in the living eye, 
since no attempt was made to prevent contact with air. 

In my experiments the freezing point of pigs’ vitreous was deter- 
mined in two ways. In the first series of experiments vitreous fluid 
was obtained by centrifuging the isolated vitreous. Evaporation of 
fluid was prevented insofar as possible. In the second series of experi- 
ments the isolated vitreous bodies were cut up with scissors just before 
each measurement. 
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TaBLe 7.—Freezing Point Depression of Vitreous Fluid and Cut Vitreous Body 








} 

L Vitreous Fluid, C. Cut Vitreous Body, C. 
t 
} ns oa ceeds cdbkankitweeeeseSeeuws A 0.57 A 0.5875 


ie en nt ce we neudnee babeewwense A 0.5625 A 0.5515 
NS cd cces ise aveeetwekvadiierstice ts A 0.569 A 0.5515 





Measurements were made immediately after the vitreous was dis- 
sected and on other vitreous or vitreous fluid after twenty hours. In 
this period the vitreous bodies and fluid were kept in tightly corked 
bottles with a thymol crystal at room temperature. This arrangement 
was selected in accordance with the technic of volumetric measurements 
Fi previously described. 
| The results of these experiments, as table 7 shows, are different from 
those reported by Sugita on beef eyes kept at 6 C. He found on the 
second day a freezing point depression of 0.7 C., in contrast to that of 
ql 0.62 C. on the first day. In our experiments with vitreous fluid no 
f increase in the freezing point depression was noticed. The results on 
cut vitreous bodies were less consistent ; in some experiments no increase 
in the freezing point depression was evident after four hours. After 
i twenty-four hours, however, the average increase of the depression in 
the series was 0.0176 C. The deviation varied in single experiments, 
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9. Cohen, M.; Kamner, M., and Killian, J. A.: Comparative Chemical Studies 
of the Ocular Fluids, of Cerebrospinal Fluid and of the Blood, Tr. Am. Ophth. 
Soc. 25:284, 1927. 

10. Jess, A.: Zur Chemie des normalen und des pathologisch veranderten 
Glaskorpers, Ber. ii. d. Versamml. d. deutsch. ophth. Gesellsch. 43:11, 1922. 








= meee Ue 


— "Ss se 











von SALLMANN—HYDROGEL QUALITIES OF VITREOUS 781 


and it is questionable whether conclusions should be drawn from experi- 
ments on cut vitreous. On the other hand, even if these figures are 
accepted as proof of an increase in the molar concentration of the vitreous 
after twenty hours, they are so low that they cannot account for the 
usual increase in volume after a few hours. 

A third group of experiments was carried out, with vitreous fluid 
used as the surrounding milieu to exclude any osmotic effect except that 
discussed in the previous paragraph."? Vitreous fluid was prepared as in 
the former experiments and a thymol crystal added, and the vitreous 
with the retina, ciliary body and nerve head was suspended in it. Table 
8 gives the results obtained and shows that the average increase measured 
5.93 per cent, in comparison with an average increase of 7.94 per cent 
in a solution of 0.9 per cent sodium chloride. 

When the results of these three groups of experiments are sum- 
marized, it is apparent that osmotic effects are not responsible for the 


TasLe 8.—Volume Changes of Preparations of Pigs’ Vitreous in Vitreous Fluid 
and in a Solution of 0.9 per Cent Sodiwm Chloride 














Vitreous Preparations in Vitreous Preparations in a 
Vitreous Fluid Solution of 0.9 per Cent NaCl 
re $A rr » . = 
Original Volume After Change, Original Volume After Change, 
Volume, Ce. 20 Hours, Ce. Percentage Volume, Ce. 20 Hours, Ce. Percentage 

4.15 4.65 +12.0 48 5.25 + 9.35 

5.02 5.35 + 6.55 4.2 4.5 + 7.14 

5.7 6.05 + 6.13 4.7 5.2 +10.6 

6.07 5.93 — 2.3 4.87 6.15 + 5.73 

4.8 6.15 + 7.27 5.8 6.2 + 6.89 


ES rere res + 5.93 + 7.94 





expansion of the vitreous in this type of investigation. Therefore this 
expansion must be considered as a turgescence phenomenon. It is not 
possible to determine, however, whether the expansion exceeds the 
amount of fluid which may be lost by compression during the prepara- 
tion of the vitreous. 

In regard to the expansion pressure of the vitreous, the difficulties 
involved in obtaining information in vitro are obvious, since the methods 
used in the determination of the turgescence pressure of gels cannot be 
used for the vitreous substrate. The technic worked out by Goedbloed 
did not give reliable results, but his apparatus, an onkometer, used in a 
different way threw some light on the problem. 

The onkometer consists of a dialyzing cylinder connected to a water 
manometer by an inverted U tube which is filled with paraffin oil. 
Vitreous—in these experiments the vitreous preparations—was placed 
in the dialysis cylinder and covered with oil. This part of the apparatus 





11. This group of experiments was suggested by Dr. Jonas Friedenwald. 
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was suspended in a vessel with an outlet near the rim. It contained the 
outside fluid (distilled water, saline solution, etc.), which could be 
continously changed by a connection with a reservoir without interfer. 
ing with the surface level. The upper level of the vitreous mass, the 
outlet of the vessel containing the outer fluid, the level between the paraf- 
fin oil and water in a sphere-shaped widening of the glass tubing and 
the level of the water in the manometer were in alinement before the 
experiment started. 

Goedbloed attempted to measure the turgescence pressure of the 
vitreous (pieces of cattle vitreous) using distilled water as the outside 
fluid and found a pressure of 34 mm. of water. He considered this 
figure not as an exact expression of the turgescence pressure but as the 
sum of expansion and osmotic pressures. The osmotic pressure may 
change with the disintegration of the protein substances, especially of 
the mucoprotein, according to Goedbloed, and cannot be distinguished 
from the expansion pressure. The knowledge of the expansion pressure 
against distilled water (less than 34 mm.) is of only theoretic value, 
particularly since the figure is so small. 

The same difficulty of distinguishing expansion pressure from osmotic 
pressure was present in my experiments with salt solutions of different 
concentrations (0.3, 0.6 and 0.9 per cent) and distilled water with the 
addition of 0.002 per cent phenylmercuric acetate as a preservative. The 
maximal manometer reading for distilled water was 200 mm. of water 
after seventy-two hours; for a solution of 0.3 per cent sodium chloride, 
95 mm. of water after twenty hours; for a solution of 0.6 per cent 
sodium chloride, 88 mm. of water after thirty-eight hours, and for a 
solution of 0.9 per cent sodium chloride, 33 mm. of water after twenty- 
four hours. These figures represent an average of 5 experiments for dis- 
tilled water and a solution of 0.9 per cent sodium chloride and an aver- 
age of 2 experiments for solutions of 0.3 and 0.6 per cent sodium 
chloride. 

To study the relation between expansion pressure and outside pres- 
sure, the technic was changed in the following way. Ten vitreous prep- 
arations (about 43 cc.) in one group or separated into groups of five 
were measured in a large volumometer and then carefully placed in the 
dialysis cylinder. With two groups of five, the vitreous preparations 
in the lower half of the cylinder were separated from those in the upper 
half by a dialysis membrane disk. The outer fluid was a solution of 
0.9 per cent sodium chloride. The manometer was read after eighteen 
hours. The preparations were then removed from the dialysis cylinder 
and the volume was measured as before, with the preparations in one or 
two groups. It was found that the vitreous preparations gained volume 
(0.7 per cent) against a pressure of 33 mm. of water (2.4 mm. of 
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mercury). This increase in volume could be observed only in the 
preparations in the upper half. The pressure reduced the volume of the 
vitreous in the lower half, which had to withstand the pressure of 33 
mm. of water and that of the overlying vitreous preparations. 

The volume increased more in the onkometer against a pressure 
three times as great (100 mm. of water) when distilled water was used 
as the outer fluid. In these experiments ten vitreous preparations in one 
group were used. No attempt was made to find the maximal pressure 
necessary to prevent the expansion of the preparations in distilled water, 
because of the limited practical value of such a determination. 

The results of experiments with the Goedbloed apparatus cannot be 
fully evaluated because of the factors which may interfere with the out- 
come. For this reason another, less complicated, technic was applied 
in a new series of experiments. The advantages of the new method are 


TaBLE 9.—Volume Changes of Preparations of Pigs’ Vitreous in Vitreous Fluid 
and a Solution of 0.9 per Cent Sodium Chloride Under 
Pressure Produced by Different Weights 














After 3 Hours, Percentage After 4 Hours, Percentage 
c —* =. os 
Pressure A.In B. In A. In B. In 0.9% NaCl 
Exerted, Vitreous 0.9% Vitreous r ~ 
Gm. Fluid NaCl Fluid (1) Laboratory (2) S-H* 
0.5 a HD .- > oe 9" oe 
1.5 + 4.57 +4.2 + 4.9 +3.1 + 0.7 
2.5 + 0.9 +2.1 — 2.2 —5.3 —10.6 
3.5 —10.1 —0.35 —14.1 —8.3 —25.7 





* Experiment performed in slaughter house on freshly enucleated eyes. 


that several measurements of individual vitreous can be made and that 
the number of experiments is not limited by the requirement of many 
complicated instruments. Rings of plasticine of different weight were 
mounted on cardboard bases and coated with paraffin. The weight and 
the volume of the rings were determined and the actual pressure exerted 
in the fluid calculated. The outer fluids used in the experiments were 
a solution of 0.9 per cent sodium chloride and vitreous fluid. Table 9 
shows the volume changes of the vitreous preparations in the two fluids 
with different weights and after various intervals. 

Repeated experiments did not give absolutely consistent results. 
Differences in the condition of the single vitreous preparations (time 
after slaughter, pressure exerted in preparation, etc.) may explain the 
variations. In an attempt to avoid the difference in time after slaughter, 
experiments were performed in the slaughter house on eyes enucleated 
afew minutes before use.’ Pressure was exerted on the vitreous prepa- 





12. Adolf Gobel, Inc., permitted the performance of these experiments in their 
building. 
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rations for four hours in a solution of 0.9 per cent sodium chloride. 
Expansion occurred against weights equal to 14.7 mm. of water, Ip 
previous laboratory experiments an expansion was found in this solution 
against a pressure of 31 mm. of water exerted for four hours. Ip 
vitreous fluid, however, no expansion occurred against a pressure of 
more than 27 mm. of water after four hours. 

There are many reasons for not relating these figures of experiments 
in vitro to conditions in the living eye, but it is certain that the expan- 
sion pressure of the vitreous is not negligible, in spite of the statements 
of Duke-Elder, Baurmann and Goedbloed, who found an expansion pres- 
sure of less than 1 mm. of water. This figure lies within the limits of 
error of their method, which is objectionable because of the serious 
injury to the vitreous. 


ELASTICITY OF THE VITREOUS 


Volume elasticity is one of the characteristics of a hydrogel and dis- 
tinguishes it from a hydrophil sol. Thus the hydrogel in a certain time 
regains its volume after it has been diminished by pressure. If the pres- 
sure is too great, however, the reversibility of the volume change may 
be incomplete because of essential alterations in the gel structure. It 
has been shown by Robertson and Duke-Elder that the isolated residual 
protein which forms the fibrils of the vitreous has a high degree of 
elasticity, but it has been repeatedly denied, especially by Goedbloed, 
that the vitreous in toto possesses any elasticity. According to this 
author the vitreous cannot regain its fluid content, lost by pressure, in a 
milieu in which the concentration of electrolytes equals that of the 
aqueous humor. But, in my opinion, this is true only if the balance 
of this heterogenic colloidal system is disturbed by the loss of capillary 
fluid at the injured base and area martegiani. 

The following experiments were carried out with the onkometer of 
Goedbloed. Ten vitreous preparations, mostly divided into two equal 
groups, were measured and placed in the dialysis cylinder. In experi- 
ments with groups of five the technic was the same as that previously 
described. Pressure was exerted by filling the manometer tube to 150 
mm. with water, which was a difference in level of approximately 200 
mm. from the preparations in the lower half of the cylinder. Con- 
tinually flowing solution of 0.9 per cent sodium chloride with 0.002 per 
cent phenylmercuric acetate as a preservative was used as an outside 
fluid. The water column in the manometer was refilled after the level 
had dropped from the 150 mm. maximum to 120 mm. The volume of 
the vitreous was measured after twenty-four hours, and the decrease 
was noted. The preparations were then kept floating in vessels with 
solution of 0.9 per cent sodium chloride. After twenty-four hours the 
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yolume was again measured. The preparations which had been exposed 
to a pressure of 150 to 120 mm. of water and had lost 8.6 per cent of 
their original volume not only regained that volume but increased 
approximately 1 per cent beyond it. The preparations in the lower half, 
which lost 11.2 per cent, regained 7.2 per cent of their original volume. 

Similar results were obtained in experiments with a simpler technic, 
as table 10 shows. Measured vitreous preparations were placed in 
small dishes filled with solution of 0.9 per cent sodium chloride, and 
weights of plasticine were put on them to produce different degrees of 
compression. After the volume was remeasured, the preparations were 
floated freely in continually flowing solution of 0.9 per cent sodium 
chloride for sixteen hours. Then they were remeasured. 

It can be concluded from these experiments that pigs’ vitreous pre- 
parations with a protected base and area martegiani may regain their 


TaBLe 10.—Regain of Volume Lost by Pressure in a Solution of 0.9 per Cent 
Sodium Chloride 











Loss in Volume Caused by Pressure Actual Increase in 
cs ot —- Volume When Pressure 
Percentage Loss Actual Loss, Ce. Was Released, Cc. 
3.42 0.18 0.78 
4.32 0.2 0.85 
5.0 0.2 0.23 
6.18 0.3 0.75 
6.25 0.35 0.35 
9.0 0.44 0.4 
9.9 0.48 0.4 
27.9 1.1 0.25 
22.! 1.5 0.25 





initial volume, lost by pressure, as long as the pressure applied is not 
too great and the loss of fluid not more than 10 per cent. If the loss 
of fluid is more than 10 per cent, only a certain amount (7 to 8 per cent) 
of the loss will be regained. The vitreous body in toto possesses there- 
fore elasticity in vitro. 

COMMENT 


The mechanism of volume changes of the vitreous is one of the basic 
problems in the physiology and pathology of the eye because of the 
possible relation to changes in tension of the eye and to certain displace- 
ments of intraocular structures. Such volume changes are the expres- 
sion of the intake and output of fluid. The water-binding power of the 
vitreous may play an important role in the complexity of regulating 
factors and may determine the state of turgescence, deturgescence and 
turgescence pressure. Experiments on the vitreous in vitro are not 
expected to augment the knowledge of the circulation of vitreous fluid, 
its origin, regeneration and escape, but they may help to clarify the con- 
nection of water binding to volume changes. 
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The understanding of this relation could be more easily achieved jf 
a classification of the colloidal structure of the vitreous and its definition 
as a histologic entity were unanimously accepted. As long as histologists 
and embryologists, clinicians and chemists, fail to agree on the nature 
of the vitreous as related to their respective fields, the experimenter on 
even one phase is confronted with difficulties. 

The investigations reported here are allied mainly to the physico- 
chemistry of the vitreous, a field in which there is a divergence of 
opinions, as represented by the recent work of Baurmann, Duke-Elder 
and Goedbloed. Although one need not enter the dispute on terminology 
as to whether the concept of a gel should be confined to the definition of 
a hydrogel as given by Wolfgang Ostwald or should encompass a wider 
scope, some of the other points in dispute should be mentioned. The 
divergence on the interpretation of the py volume curve of the vitreous 
has been discussed. Goedbloed’s standpoint that the volume changes of 
the vitreous in strongly acid and alkaline ranges cannot be compared to 
those of hydrogels was confirmed by the experiments with protected 
vitreous preparations in buffered solutions. The volume changes in 
solutions of different pH (with one unexplained exception) were not 
reversible. 

Goedbloed’s objections to the definition of the vitreous in toto as a 
hydrogel, based on its ultramicroscopic structure, is sound. The vitreous 
fibrils should be considered as aggregates of micelles and not as the 
elementary unit of the gel, while the capillary-bound vitreous fluid may 
be compared to a hydrosol. 

The investigations reported in this paper did not deal with separated 
constituents of the vitreous but were confined to the behavior of the 
vitreous in toto. In this connection some of the statements and con- 
clusions of Goedbloed are of interest and are therefore summarized: 


1. The vitreous volume decreases continuously in a solution of 0.9 
per cent sodium chloride and does not show any expansion of its frame- 
work in solutions containing more than 10 milliequivalents of sodium 
chloride (0.0585 per cent). Therefore it lacks the qualities of a hydro- 
gel under physiologic conditions. 

2. Neutral salts with a strong hydrating effect cause an increase in 
the hydration of the vitreous fibrils; salts with the opposite effect cause 
a diminution ; both effects are recognizable with the ultramicroscope. 

3. Strong hydration of the fibrils does not result in an increase in 
volume ; in fact, the volume decreases. 


4. In a physiologic milieu the vitreous does not regain fluid lost by 
pressure when the pressure is released, and therefore the vitreous in 
toto possesses no elasticity. 
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5. The vitreous increases in volume in distilled water or in salt 
solutions of less than 10 milliequivalents exclusively by the increase in 
the electric charge of the fibrils. 

In contradiction to the first statement, it was demonstrated in a pre- 
vious paper that the vitreous did expand under approximately physiologic 
conditions, and recent experiments showed that the vitreous expands 
also in solutions of 1.0, 1.1 and 1.2 per cent sodium chloride, but to a 
lesser degree. A similar expansion was found when the preparations 
were kept in vitreous fluid. The volume increase is therefore a tur- 
gescence phenomenon and not the result of osmotic processes. 

In other series of experiments on the vitreous in toto a number of 
qualities of hydrogels, denied by Goedbloed, were revealed: Reversible 
volume changes were produced by means of both expansion factors of 
hydrogels, i. e., by hydration and by the influence of electric charge. It 
was also found that after the pressure which had been applied was dis- 
continued, the vitreous regained its volume (if the loss was less than 
10 per cent) in a solution of 0.9 per cent sodium chloride. The vitreous 
in toto is elastic therefore to a certain degree. Finally, the existence of 
a turgescence pressure in physiologic solution of sodium chloride could 
be proved and the pressure approximately measured. 

The volume changes of the vitreous by hydration and dehydration in 
solutions of neutral salts proved in a convincing way the applicability 
of a method which prevented the uncontrolled escape of capillary fluid. 
When the interrelation of the vitreous constituents and the architecture 
of the fibrils was not greatly disturbed, as in the vitreous preparations 
used, it was possible to achieve a better understanding of volume changes 
and their mechanism, of turgescence pressure and of elasticity. 


CONCLUSIONS 


1, The marked volume changes of the vitreous in strongly alkaline 
and acid ranges are not reversible. This finding verified the results of 
Goedbloed’s experiments by means of another technic. The py curve of 
the vitreous is different therefore from that of a hydrogel. 

2. The expansion of the vitreous observed in Ringer’s solution and a 
solution of 0.9 per cent sodium chloride is not a result of osmotic proc- 
esses, since it occurs also with vitreous fluid as the surrounding milieu. 
Nor is the expansion a result of increased molecular concentration due 
to postmortem decomposition, as determinations of the freezing point 
showed. 

3. Hydrating and dehydrating neutral salts in high concentrations 
act On the vitreous as on gelatin. The effect of these salts on the volume 
follows the lvotrope series of anions. 


ae a 


oe 
5 eee ee ee z 


eRe Os eC 

















ba 
Ls 








788 ARCHIVES OF OPHTHALMOLOGY 


4, The shrinkage and the swelling of the vitreous produced by these 
salts are reversible. 


5. The vitreous shrinks by dehydration in concentrations of more 
than 40 per cent alcohol. This shrinkage is reversible, as in hydrogels, 

6. At a physiologic py (pu 7) desalinated vitreous shrinks in low 
concentrations of neutral salts. The degree of this shrinkage increases 
with the valence of the cation. 


7. The vitreous in a solution of 0.9 per cent sodium chloride may 
regain the volume lost by pressure; therefore as a whole it is elastic to 
some degree. 


8. The vitreous preparations expand in a solution of 0.9 per cent 


sodium chloride against a pressure of 31 mm. of water exerted for four 
hours. 


Miss J. Di Grandi assisted throughout this study. 














TUMORS OF CONJUNCTIVA AND LIDS 


A BRIEF REVIEW 


BERNARD SAMUELS, M.D. 
NEW YORK 


Intraocular and intraorbital tumors comprise what may be called 
the concealed tumors of the organs of vision, that is those that may 
exist for a long time without being discovered and even after discovery 
may offer great difficulty in examination and in diagnosis. 

On the other hand, tumors of the conjunctiva and of the lids, of the 
more important types of which this paper aims to be a concise but by 
no means a comprehensive review, may be called the revealed tumors 
of the organs of vision, for they spring from surfaces so exposed that 
morbid processes in them may be plainly seen by the naked eye. Their 
progress can be closely watched and the action on them of remedies 
followed. 

TUMORS OF THE CONJUNCTIVA 


Tumors of the conjunctiva are not unlike those found in mucous 
membranes in other parts of the body, although they have special signifi- 
cance on account of their proximity to the important organ of vision. 

For the sake of convenience it is customary to divide tumors in 
general into two main groups, one being designated as benign and the 
other as malignant. A benign tumor of itself does not necessarily 
involve danger to life, whereas a malignant tumor if left alone will in 
the end prove fatal. 

A. Benign Tumors of the Conjunctiva——1. Simple Granuloma: The 
simple granuloma is probably the most common of the benign tumors of 
the conjunctiva. It is familiar as a soft-pedicled mass often encountered 
on the surface of an incompletely closed tenotomy wound. It is par- 
ticularly common in chalazions that have broken through the conjunctiva 
and have not been thoroughly dealt with. Sometimes, when the pedicle 
becomes very attenuated, the mass is brushed off by the motion of the 
lids. It is richly supplied with thin-walled blood vessels, so that it 
bleeds easily, and it is ordinarily the cause of the phenomenon of “blood 
tears.” Granulation tissue may accumulate around a foreign body long 
embedded in the conjunctiva, as an attempt on the part of nature to 
render an irritant inert. It may attain great size and be so compressed 





Read before the Section of Ophthalmology of the New York Academy of 
Medicine, March 17, 1941. 
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by the action of the lids as to protrude, in the form of a thin purplish 
sheet, into the palpebral fissure and be mistaken for a sarcoma. 


The treatment consists in excision, after which the granuloma seldom 
returns. 


2. Polyp: By polyp of the conjunctiva one understands a smooth, 
pedicled translucent growth and above all else a growth covered by 
epithelium. It originates mostly in the fornix, its presence there usually 
being discovered by accident when the lid is everted. Occasionally it 
is large enough to protrude between the lids, showing a tendency to 
grow forward, as do all tumors of the conjunctiva. In its nature the 
polyp is a small fibrous overgrowth which pushes the conjunctiva before 
it. When it is large it is not unusual for its epithelial covering to be 
broken down by ulcers, so that it bleeds freely and in this way simulates 
granulation tissue. Indeed, Elschnig taught that no genuine polyp 
of the conjunctiva exists but that what is commonly termed a polyp is 
in reality a mass of granulation tissue which, as a result of the move- 
ments of the lids, has assumed a polypoid form. 

The direction of least resistance in the conjunctiva is outward; hence 
all tumors, the sarcoma and the dermoid tumor as well, may assume 
a polypoid form. 

The treatment, as with the granuloma, is surgical removal. 

3. Papilloma: As the name indicates, the papilloma is a tumor in 
which the epithelial cells cover frail finger-like processes. It is especially 
distinguished from the polyp by a surface which is not smooth but 
nodular, like that of a raspberry or of a cauliflower. It has a core of 
fibrous tissue and blood vessels, which by division and subdivision may 
form a complicated mass. It usually originates in hypertrophy of mucous 
papillae. The bulbar conjunctiva contains no papillae; it is therefore 
not the usual field for the papilloma. The papilloma is found at the 
limbus, where there are papillae, or at the inner canthus in connection 
with the caruncle and the plica semilunaris. It may have a broad base 
and grow as a flat uneven layer over a large area of the conjunctiva. 

It is asserted that at times the papilloma becomes malignant. For 
this reason, and because it has a well known tendency to recur, it 
should be thoroughly removed as soon as it is diagnosed. Some 
surgeons recommend curetting the base after excision and then using 
the actual cautery. 


4. Angioma: The angioma is a benign tumor in the sense that 
after extirpation it does not recur and does not produce metastasis. 
Two principal forms are met with in the conjunctiva, namely the 
hemangioma and the lymphangioma. 

(a) A hemangioma in the conjunctiva is rare. Histologically the 
hemangioma is a tumor consisting of blood vessels bound together by 
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a small amount of connective tissue. It is usually found in connection 
with the caruncle. The last one that I saw was in the bulbar con- 
junctiva on the nasal side of the cornea in the eye of a young girl. It 
appeared as a dark, purplish red, slightly elevated area some 8 mm. in 
diameter. It was increasing in size and was disfiguring. A few months 
ago it was excised and the adjoining conjunctiva was drawn over the 
defect. There has been no recurrence. 

Because of the danger of hemorrhage in removing a large heman- 
gioma, one method of removing the growth is first to tie it off by passing 
a straight needle bearing a double-armed suture through the middle of 
the base, cutting the suture at the needle and tying one thread around 
one half of the base and the other around the other half. 


(b) The term lymphangioma refers especially to the small translucent 
beadlike dilatations of lymph spaces not infrequently seen in office prac- 
tice in the bulbar conjunctiva. The dilatations are freely movable. 
They are commonly the result of friction, such as that produced when 
a patient is in the habit of closing his lids and rubbing them in response 
to a sensation of itching. They tend to increase in size and in number. 
They may even assume a polypoid form and appear between the 
lids. They are easily excised, but unless the eye is kept bandaged for 
a number of days afterward they are likely to recur. I have seen them 
disappear after mere bandaging of the eye. 


5. Cyst: In the retrotarsal fold there occur retention cysts, which 
originate in Krause’s glands because of occlusion of their excretory ducts. 
A large epibulbar cyst lined by epithelium may develop as the result of 
invagination of the conjunctiva, particularly after an operation on the 
muscles. It may become almost as large as the globe itself. One cyst 
has been reported that started from an operation at the limbus and in 
the end almost surrounded the globe as far back as the optic nerve. 

The removal of a large cyst is accomplished by puncturing the anterior 
wall with a sharp knife and then excising a portion of it with forceps 
and scissors, The remaining wall is curetted and swabbed with tincture 
of iodine. By this method, sometimes followed by nature, as when the 
wall becomes necrotic from extension and bursts, the cavity formerly 
occupied by the tumor contracts and heals. 


6. Lipoma: The subconjunctival lipoma is a firm, painless tumor 
generally situated on the upper and outer circumference of the eyeball. 
It is triangular, its sharply defined base lying toward the cornea. 
Although congenital, sometimes it grows to considerable size, so that it 
may become visible between the lids. If not removed it may undergo 
necrotic changes. One gets the impression in observing a subconjunc- 
tival lipoma over many years that it has traveled a little by sinking 
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lower on the globe, exhibiting the phenomenon of “gravity wandering” 
sometimes seen in the subcutaneous lipoma. 

In the surgical treatment of the lipoma one point is worthy of 
emphasis. In removing any fatty subconjunctival tumor, whether con- 
genital or acquired, it is wise not to follow it beyond the folds of trans. 
mission, leaving the deeper. parts undisturbed. Especially in dealing 
with a subconjunctival congenital lipoma one should be careful not to 
excise any of the normal orbital fat with which it is apt to be con- 
nected posteriorly. 

7. Dermoid Tumor: One of the commonest tumors of the con- 
junctiva is the dermoid tumor, a lenticular growth of solid consistency, 
It is always of congenital origin and arises as a result of cutaneous 
inclusion. This tumor, of varying size, usually straddles the margin 
of the cornea, with which it is immovably connected. It is sometimes 
confounded with the dermoid cyst of the orbit, but the latter is a hollow 
formation and not a solid one, as is the dermoid tumor. Descriptions 
of dermoid tumors appeared in the literature as early as 1742. Occa- 
sionally such a tumor attains considerable size at puberty, and it may 
cause irritation when hairs grow out from the surface. 

If remnants are left when a dermoid tumor is excised, the tumor 
may in part form again. However, no attempt should be made to dissect 
the tumor down to clear corneal tissue, since it usually extends into 
the deeper corneal lamellae and an attempt at such thorough removal 
may result in perforation. It is to be expected that the site of the 
tumor on the cornea will remain clouded permanently. 


8. Nevus: The nevus of the conjunctiva, like a nevus, or mole, 
elsewhere on the body, represents an anomaly of development. Although 
benign, it possesses a distinct capacity to become malignant. Its site of 
predilection is in the bulbar conjunctiva close to the cornea, in the field 
where the pinguecula, pterygium, papilloma, epithelioma and sarcoma 
are apt to develop. In its commonest form it is a small, slightly elevated 
brownish or even blackish lesion. The darker the spot the. more prone 
it is, so it is thought, to become malignant. 

No tumor of the conjunctiva requires more careful attention than a 
nevus at the limbus. When it shows the slightest sign of spreading or 
of deeper pigmentation, and especially of enlargement of the blood 
vessels that supply it, it should be surgically removed. It is essentially 
a tumor in the conjunctiva and is freely movable with it. The danger 
border is at the corneal margin where the conjunctiva is intimately 
adherent to the sclera. In the dissection an attempt should be made to 
include the anterior layers of the sclera and of the cornea. 


B. Malignant Tumors of the Conjunctiva—Epibulbar malignant 
tumors are in reality conjunctival in origin. They almost never arise 
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from the cornea. As to their nature and their malignancy, they follow 
the same law as do tumors of embryonic origin arising in other tissues 
of the body. There are two epibulbar tumors that warrant principal 
attention—the epibulbar sarcoma and the epibulbar carcinoma. They 
occur mostly in elderly patients, but youth does not exclude their 
presence. 


1. Epibulbar Sarcoma: The base of the epibulbar sarcoma is in 
most instances small, even though the tumor itself may overlap a con- 
siderable area of the cornea and appear to spring from it. It differs 
from the general sarcoma with regard to malignancy only so far as it 
is isolated on the highly resistant cornea and sclera and is visible prac- 
tically from the start. It usually comes to operation early. Unless it is 
far advanced it seldom penetrates into the interior of the eye. Its site 
of predilection is the limbus. 

In every case, once the clinical diagnosis is confirmed by microscopic 
examination enucleation of the globe to which it is attached should be 
advised, provided the fellow eye has serviceable vision. 


2. Precancerous Melanosis and Diffuse Malignant Melanoma of the 
Conjunctiva: In 1938 Reese * reported the clinical and pathologic obser- 
vations in 8 cases of acquired pigmentary changes in the conjunctiva, 
which he termed precancerous melanosis. He pointed out that such 
changes may be the precursors of a diffuse malignant melanoma. He 
expressed the opinion that this tumor arises primarily from the potentially 
pigment-bearing basal layer of the conjunctiva. 

Turning to the relation of acquired melanosis to the nevus, I find that 
it serves my purpose to quote from Reese’s paper: “A nevus of the 
conjunctiva is not an obligatory precancerous lesion, whereas an acquired 
melanosis ultimately becomes malignant.” According to Reese’s experi- 
ence many more malignant melanomas of the conjunctiva arise from 
an acquired melanosis, or spontaneously, than from a nevus. He stressed 
the fact that congenital melanosis of the conjunctiva, as seen in highly 
pigmented races and in melanosis oculi, is not to be confounded with 
acquired precancerous melanosis. 

As to treatment, it was Reese’s advice that nothing short of early 
exenteration of the orbit should be attempted, and he recommended that 
immediately after the exenteration the walls of the orbit be lined with 
a Thiersch graft in order to save many weeks of dressings. 


3. Epibulbar Carcinoma: All parts of the conjunctiva are not equally 
liable to be affected by carcinoma. However, as with sarcoma, the site 
of preference is the limbus and most often the outer side. The carcinoma 
may remain for a long time confined to the superficial layers of the con- 


1. Reese, A. B.: Precancerous Melanosis and Diffuse Malignant Meianoma 
of the Cornea, Arch. Ophth. 19:354-365 (March) 1938. 
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junctiva and of the cornea. Its extension into the superficial layers of 
the cornea simulates the pannus of trachoma or of keratoconjunctivitis 
eczematosa. The tumor conforms to no set rule, as it may remain 
stationary for a long time at about the size of a pea or may all at once 
take on a rapid exuberant growth, attain an enormous size and in the 
end project into the palpebral fissure as a fungating mass. It may extend 
widely over the sclera and in rare cases slowly and steadily surround 
the cornea, in which case it is known as a peribulbar epithelioma. [It 
is not likely to have well defined margins, as does a typical sarcoma, 
Penetration into the globe is rare but is more likely to occur than with 
the sarcoma. The epibulbar epithelioma is said to be more often a 
transplantation from the lids than a primary growth. 

The danger of local recurrence and of metastasis being less than with 
the sarcoma, a less radical form of treatment is indicated. In suitable 
cases, when the tumor is small and appears to penetrate no deeper than 
the movable conjunctiva it may be excised after the method of the 
excision of a nevus. In other cases, in which it is evident that the deeper 
layers of the cornea and of the sclera are implicated, enucleation is indis- 
pensable if the fellow eye has serviceable vision. 


C. Tumors of the Lids.—Of all the tumors of the lids, both benign 
and malignant, the sarcoma and the carcinoma are the two of prime 
importance. 

As to the fibrous tarsal plate of the lid, the greater portion of its bulk 
is tunneled out to accommodate glandular structures. Malignant growths 
in these glands do occur, yet they are so rare and so often not correctly 
diagnosed that most clinicians will never see one. 


1. Sarcoma: The sarcoma may arise from any structure of the lids 
except the epithelium. A flat pigmented congenital nevus in the inter- 
marginal space is considered, like a nevus at the limbus, to be particularly 
dangerous for the development of melanotic sarcoma. Care should be 
taken not to molest a nevus of the lid when the lid is being treated for 
any purpose. 

The primary sarcoma of the lid makes its appearance as a rounded, 
usually slightly reddened nodule under the skin, fairly well circum- 
scribed. In the early stages it may simulate the chalazion, but it is 
not always located over the tarsus and the skin may not be freely movable 
over it. The tendency is to rapid growth, the abundant blood supply 
favoring this. Ulceration and invasion of the orbit proceed together. 
Glandular involvement is the rule, the glands in front of the ear enlarg- 
ing first and those along the jaw and in the neck later. 

The earliest possible removal of the tumor is imperative, but in spite 
of the removal of the tumor from its bed and the immediate use of radium, 
local recurrence and metastasis are to be feared. 
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2. Carcinoma: Carcinoma of the lids occurs oftener than sar- 
coma. In dealing with a carcinoma one’s chief concern is with the 
skin immediately surrounding the palpebral border, Dermatologists 
emphasize the fact that in the case of a carcinoma of the skin the age of 
the patient is not so important as the evident age of the skin involved. 

There are two varieties of carcinomas of the lids, namely the 
squamous cell carcinoma and the basal cell carcinoma (Jacob’s ulcer, 
rodent ulcer). The latter tends to remain very superficial and is the 
less malignant of the two. With each when typically developed there 
is little tumefaction in the strict sense of the word but there is an ulcer 
with an uneven floor and an irregular hard waxy wall. As the carci- 
noma advances on one side it shows deceptive signs of healing on the 
opposite side. 

Because ulceration predominates, an inexperienced observer may 
readily mistake the true nature of a carcinoma of the lids, which is nothing 
else than a cancerous process. Its progress is proverbially slow and pain- 
less, often prolonged over many years. However, it must be noted that 
when the ulceration affects the infraorbital or supraorbital nerves or the 
bony wall of the orbit it may cause the most excruciating pain. 

Histologically, a point of interest is the condition of the connective 
tissue stroma between the down-grown plugs of epithelium. Cancerous 
epithelial cells seem to exert an irritating influence on preexisting tissue, 
which responds by a productive inflammatory reaction causing scirrhus. 
This inflammatory reaction is absent in the case of benign growths, such 
as the papilloma, the lipoma and the angioma. 


RELATION BETWEEN TUMORS OF THE LID AND INTRAOCULAR TUMORS 


A definite relation has been brought to light between malignant 
tumors of the lids and intraocular melanomas of the uvea. Thus, 
Gardner * in 1940 published the clinical and pathologic observations in 
a case in which von Recklinghausen’s neurofibromatosis of the lids and 
a melanoma of the choroid were present at the same time. He found 3 
similar cases reported in the literature. 


HANDLING OF TUMORS 


In studying a growth suspected to be malignant one should be careful 
to handle the tissues gently. The habit today is to take specimens for 
biopsy carelessly and indiscriminately. A specimen should be taken only 
when it is imperative to confirm a diagnosis. At all times one should be 
mindful of how easy it is to disseminate malignant cells into the field 
adjoining the tumor. 


2. Gardner, S.: Malignant Melanoma of the Choroid and von Recklinghausen’s 
Disease, Am. J. Ophth. 23:73-78 (Jan.) 1940. 
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TREATMENT 


Before attempting any form of treatment for a malignant growth one 
should seek the opinion of a specialist in tumors. Under no circum. 
stance is the use of any form of caustic or cautery or of curetting to be 
recommended. Such treatment is painful and far less sure than the use 
of radium. When a carcinoma is relatively small and superficial, 
according to my experience, treatment by roentgen rays and radium 
gives the most satisfactory results. This is the treatment for basal cel] 
carcinoma that Dr. Ewing used to recommend to his students at Cornell, 
He explained that the cells are distinctly radiosensitive and may be 
destroyed with a minimum amount of damage to surrounding tissues, 
He emphasized that the success of this treatment is due to the fact that 
there are a great number of capillaries in carcinomas and that these are 
readily destroyed by radiation. Moreover, radiation sterilizes the tissues 
in a wide area around the visible, palpable tumor. Unfortunately, in 
the carrying out of this treatment the majority of patients are inade- 
quately treated, so that recurrences follow because of insufficient doses. 
Once a tumor of the lids has penetrated to the orbital tissues or has 
involved the bone it is hard to irradiate it with the right dose. Under 
these circumstances one is compelled, as John Hunter said, to lay down 
science and take up the knife. 

















CAUSES OF BLINDNESS IN PENNSYLVANIA 


AN ANALYSIS OF THE BLINDNESS IN OVER THIRTY THOUSAND EYES 


ALFRED COWAN, M.D. 
Supervising Ophthalmologist, Department of Public Assistance, 
Commonwealth of Pennsylvania 
AND 
BERNICE C. ENGLISH 


Supervisor, Conservation of Vision, State Council for the Blind, 
Commonwealth of Pennsylvania 


PHILADELPHIA 


Since the enactment in Pennsylvania, in 1934, of legislation granting 
pensions to blind persons, a great number of eligible and ineligible per- 
sons have made applications for these pensions. The result is that 
at present we are able to analyze and tabulate the causes of blindness 
in the 31,352 eyes of 15,676 persons 21 years of age or over whose 
visual acuity was 20/200 (6/60) or less and who were therefore con- 
sidered industrially blind. This is according to the definition of blind- 
ness as adopted by the Committee on Statistics of the Blind.’ 


At the end of the first year of the administration of the act for 
granting pensions for blindness a report was made based on an analysis 
of the causes of blindness in 11,852 eyes. This report was read before 
the Section on Ophthalmology of the American Medical Association in 
Kansas City, Mo., on May 13, 1936.* 


On Oct. 6, 1936 a second report,* based on a total of 18,193 eyes, 
was read before the Section on Eye, Ear, Nose and Throat of the Medi- 
cal Society of the State of Pennsylvania. This, therefore, is the third 
analysis. It is based on the ophthalmologic reports on all applicants as 
of Jan. 1, 1941 and includes the statistics in the two previous papers. 


Read before the Section on Ophthalmology at the Ninety-Second Annual 
Session of the American Medical Association, Cleveland, June 4, 1941. 


1. A body composed of representatives of the American Foundation for the 
Blind, the National Society for the Prevention of Blindness, the American Asso- 
ciation of Workers for the Blind and the Statistical Committee of the Section on 
Ophthalmology of the American Medical Association. 


2. Cowan, A., and Sinclair, S. M.: Causes of Blindness in Pennsylvania, from 
the Medical and Social Aspects, J. A. M. A. 107:757-759 (Sept. 5) 1936. 


3. Cowan, A., and English, B. C.: Distribution of Blindness in Pennsylvania, 
Pennsylvania M. J. 40:180-184 (Dec.) 1936. 
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As far as we can ascertain, this is the greatest number of blind eyes 
included in a single report up to this time. Since the information from 
which the analysis was made was obtained in every instance by an 
accredited ophthalmologist, we feel that with respect to both the given 
causes and the etiologic factors it is as dependable as can be expected 
in a study of this kind. A critical reader will notice certain dis. 
crepancies between the number of cases in the smaller groups of this 
series and the number in such groups in the series previously reported, 
The explanation is that in many instances pensioners were reexamined 
for various reasons and a different diagnosis was sometimes made by 
another examiner or even by the same examiner. On the whole, how- 
ever, these discrepancies are so comparatively few that they can be con- 
sidered as of little consequence. Again, we might be criticized for not 
having used the classification set up by the Committee on Statistics of 
the Blind. 

We realize that’ there is a definite advantage in using a universal 
method of recording causes and etiologic factors of blindness, and we 
should have been only too glad to use the classification of the Committee 
on Statistics of the Blind, but we could not with any satisfaction do so. 
Such factors as “myopia, other refractive errors—specified,” “refrac- 
tive errors not specified” and “motor anomalies” are never causes of 
blindness. Many terms are too vague, and many of the causes named 
are secondary and not primary. For example, “hypertension (glau- 
coma)” is given as a cause. Hypertension secondary to uveitis, as a 
heading, is given as a primary cause. We feel that hypertension sec- 
ondary to uveitis should be designated as a cause of blindness no more 
than should macula of the cornea as a sequence of interstitial keratitis. 
Symptoms and sequences are too frequently given instead of disease 
entities as the actual cause of blindness. Such terms as “pannus,” 
“vascularization of the cornea,” “phthisis bulbi” and “atrophy of the 
globe” refer to sequences and should not be used as headings under 
which causes of blindness can be listed in a report of this kind. 

Another criticism we offer is that there are too many terms for the 
same condition. For example “iritis,” “iridocyclitis,” “uveitis” and 
“keratoiritis” might all be classified under “uveitis.” Again, under 
choroid and retina there appear such headings as “retinitis,” “chorio- 
retinitis,” “retinal hemorrhage” and “arteriosclerosis of choroid and 
retina.” Furthermore, we feel that in a report of this kind it would be 
superfluous to classify the blindness due to traumatism as having been 
“acquired during play or sport,” “while performing household duties” or 
“in traffic.” This type of breakdown is of value only to one who is 
particularly interested in such matters. 














TaBLe 1.—Causes of Blindness 











—————————— 
No. of No. of 
Congenital anomalies Eyes Disease of cornea Eyes 
G]AUCOMB.......0ceeeeeeeeeseeeeeeeees 168 OPTI. 5 occa vcccusves eiebedacaueds 36 
Defect of globe *............-....eeeee 812 Keratitis, interstitial (1.1%).......... 339 
MEE scccoccscccesessscseesceseses 10 Keratitis from exposure.............. 3 
AnophthalmoS......0+..--seeeeeee eens 15 Keratitis, ulcerative (1.4%)........... 448 
Miia capes ee cee siesstes seve 2 Keratitis rosacca......... NS 2 
Coloboma of choroid................. 7 Keratitis, phlyctenular............... 32 
LTC cneidden cdvneveresesxe% 443 Keratitis disciformis.................. 2 
Atrophy of optic RE oa eae Oo 168 Keratomalacia....... eceweccccescccene 6 
Coloboma of optic nerve head....... 2 I os icireinweaa tarnitinaieamaiblerntntd 27 
SE 1.5 céncceveoetoharesss 4 Keratitis of undetermined cause...... 70 
omaly of optic tracts and centers. 1 a ere 
as d - ERE ASE FS are 965 
Re ooh soos ee 
Total (5.2%) Disease of uvea 
tism Wee CERI... 2200s 0s0ccesees 3,746 
Soeume of treumatis os I ois csv ba 0s dexschiotel 1,387 
Penetrating wound of globe t........ 1,589 Staphyloma of choroid............... 2 
Uveitis......++0eeeeeeeeeeereeeerecrees 238 
eens CpNthalania............. a1 ee Seen Vee 5,135 
cing ata hetb ties ess eseee 192 
Insect bite of ee zs CReacecooevees 11 Disease of lens 
Chemical burn of globe............... 233 Cataract, senile (28.8% 
3 Wis sa satukaes ss 9,032 
compery aa a ae ae 7 Cataract, diabetic.............00.0-0+ 25 
- : vonang ~ hat aah ch aaah a Cataract from tetany........ paauaieaie 2 
ca iemement ee i Cataract fromendocrine dysfunction 2 
Atrophy of optic nerve............... 204 Cataract, presenile.............sesees 60 
Disease of optic tracts and centers... 13 
cn ceearetascessis 37 POM anreroess sservnsaterveessnats — 
Photophthalmia...................... 2 Disease of retina 
eiak I itaxadncgitesccvicecunaeese 189 
ATEN, v4 5/45 ne sueebnscveena 3,224 Macular degeneration................ 393 
Retinitis, vascular (5.06%)|l........... 1,589 
Disease of lids Retinitis, diabetic.................000: 576 
ee obs vvi-« Wank eases boas 6 Retinitis, nephritic..............--00:- 41 
ERSTE he sari oe 6 Retinitis pigmentosa (1.8%).......... 570 
EEE So piles. 0 ¥en dels'n vieweehawen 12 eee dtknecseened 3,288 
Disease of conjunctiva Disturbance of vitreous humor 
Diphtheritic conjunctivitis........... 2 Hemorrhage into vitreous............ 20 
Gonorrheal conjunctivitis............ 39 : 
Ophthalmia neonatorum (2.4%)...... 7 Discase of — _— 
Purulent conjunctivitis............... 73 Atrophy (7.7%)....0eeeeeeeeeeeseeeeee 2,402 
TS er 99 Neuroretinitis (2.3%)]................ 714 
Lae Be ee 21 Po, ee ee 164 
atic skew svesseetscbacons 168 ee ein 
wal ee ee ep 3,280 
RCE L Genie a5in0s hss cesceeweenee Oe 
Disease of optic tracts and centers...... 44 
Disease of globe Miscellaneous 
Glaucoma, chronic ? 11% ee PT EE re 21 
Glaucoma, acute § Biaackavere 162 PI iiaidnonkctsssccksmakonmens 4 
Glaucoma, juvenile................... 9 PIE 5 in oh a dneiveinn buanbnen eee 2 
ST RUIN. oo ccessvccceseeanecse 17 a 
Ss 6.6.5:0 040s 0bcedadekbe rs 9 en errr hy ee. 27 
RE eee ea 3,494 Ce Pe 





* Includes all congenital defects of the globe which could not be specifically classified. 

+ Includes wounds due to foreign bodies within the eye, adherent leukoma, gunshot wounds, 
injuries from explosions and injuries vaguely described. 

t Includes conditions diagnosed as iritis, iridocyclitis, keratoiritis, plastic iritis, cyclitis and 
complicated cataract. 

§ All diabetic cataracts that occurred in persons over 50 were considered senile. 

| Includes all nontraumatie intraocular lesions due primarily to vascular disease, such as 
hemorrhages and exudates in the retina, embolism, thrombosis, retinitis proliferans and 
angiosclerosis. 

{ Includes all conditions diagnosed as retinochoroiditis, chorioretinitis, optic neuritis, etc., 
which resulted in atrophy of the optic nerve and also conditions designated as secondary 
optic atrophy or optic neuritis without other notation. 
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In table 1 the classification is arranged under twelve headings, ag jn 
the two previous reports. This classification is used again because we 
believe that it sets forth in the fewest possible terms and with clarity 
and simplicity the causes of blindness and will be understood by the 
ophthalmologist, the social worker and the intelligent layman. The table 
was compiled from the ophthalmologic reports on 15,676 blind persons, 
but because in so many instances the cause of blindness was different 
for the two eyes of one person the diagnosis for each eye was tabulated, 
and the supervising ophthalmologist chose from each report only the 
primary disease, the condition which he considered to be the main cause 
of blindness. He felt privileged, also, because of the great number of 
reports by so many ophthalmologists, to modify and condense many of 
the terms used. 

The incidence of a few outstanding causes of blindness as shown 
by this report and the incidence as shown by the two previous reports 
are compared in table 2. 


TABLE 2.—Outstanding Causes of Blindness in the Three Reports 








First Report, Second Report, Third Report, 


Percentage Percentage Percentage 
Ophthalmia neonatorum...................... 3.9 3.2 2.4 
EE EET ET OT 4.5 4.7 5.2 
EE SY ee ee eee eee 14.68 13.0 10.3 
ne OO AE ee eee 13.34 12.9 11.0 
i tipbiehe Cb serech sa 6s4s+sdGcqbeceueses 12.6 13.4 11.9 
nn eed innddadeuesecorsbuensdaw 22.49 24.2 28.8 





It will be noted from table 3 that a possible etiologic factor was 
reported for the blindness in 20,763 of the eyes. In many cases the 
information cannot be considered reliable, which is to be expected, since 
in nearly every instance it had to be obtained from the applicant himself. 
A glance at the list of etiologic factors in table 3 will convince any experi- 
enced ophthalmologist of the truth of our contention. As an outstanding 
example of how much value can be placed on such information, one may 
consider the naming of syphilis as an underlying cause of blindness. It 
is only reasonable to suppose that the blindness in more than 14 of the 
513 eyes affected by an ulcerative or undetermined type of keratitis 
resulted from syphilis. There were 5,132 eyes in which the blindness 
was caused by uveitis or choroiditis, and in only 370 instances was syph- 
ilis given as a factor. Of 3,116 cases of simple atrophy of the optic 
nerve or neuroretinitis, syphilis was given as a factor in only 1,100. Of 
a total of 1,632 cases listed as instances of congenital anomalies, syphilis 
was given as a factor in none. Thus, if we add the 339 cases of inter- 
stitial keratitis to the cases in which blindness resulted from conditions 
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of which syphilis is known to be a frequent cause, we have 10,732 cases 
in which syphilis might have been an etiologic factor; yet it was noted 
as a factor in only 1,484 reports. 

The Council for the Blind in the Pennsylvania Department of Wel- 
fare is required by an act of legislature “‘to collect, systematize and make 
available for other agencies, information in regard to blind persons and 
persons of impaired vision” and “to encourage the cooperation of all 
agencies, public and private, doing work for the blind in this Common- 


TABLE 3.—Etiologic Factors 

















No. of No. of 
Infectious diseases Eyes Eyes 
IDR sacs sccccccccscrctccsesenes 16 SI iis abhi ino-ckinn coon 4 
SE ree eee 41 
a Wook cahaacvveseeeeee eee 109 Noninfectious diseases 
aia diig es Since eiei ake ots vee 118 ie eek rc, 0. nda eemnere 65 
Whooping cough................c000. 16 EBGOSTING GIST... 62 oc ccccvcsevses 32 
Ophthalmia neonatorum............. 768 Me hakenccses ci. dc0s gsanescne teen 19 
ins Swit ad see seepeaniience 1,843 aes wink Ginbitiiaewaisns ao scares 9,238 
es io pcg uy attous oeseeves 55 Malignant disease.................... 4 
a as ne cknsinyokciegesawiines% 16 Intracranial pressure................. 172 
NT Ss on. veciet 08s 0ss gnckeurss 28 EE i iba'n's d0:090\s 2s-0'sn 0 = 4b0enbeoe 650 
ins os cxkencessohkuentvee 4 cisn-045<i0u<insedecyeeeeed 37 
is a ve w'g Ja Ceaenee cee 60 Cardiovascular disease............... 1,795 
Rosin v.68 Saiveccdasenems 2 Mls 3865-05560 0050s csntunentee 4 
Encephalitis. . 4 8 PEPNOIIIIIOG, 5. 6o.o.0ccas cavawonserns 10 
Vaccinia........ 12 SN raicies G0tythese nia kettahasures 10 
Focal infection... 282 PD dite nteanak 00d cc Meeecadees 2 
Rheumatic fever.. ; 5 Friedreich’s ataxia............0. oe 2 
Measles......... ‘ 85 Conditions incident to pregnancy.... 14 
Brain fever... , 2 RRC SRN s 
Sinusitis 22 Lesions of the central nervous sys- 
Mastoiditis 2 I pakkss <vieksecnas nee e pitied 12 
Erysipelas... are ee 11 Oe 2 
Spotted fever.................eecereee 1 Convulsions.......... eis 6 
Infantile paralysis.................... 18 Disease not specified.................. 17 
Whos 6460 68 6K bai 168 
eiiint a wc hone ve semves-cdwcsous 2 Congenital anomalies................... 1,632 
oe do cicserccecuwamanias 14 
es i cy can cebeverceeth 10 pg Br ere rn 30 
es... ceucenscbsednaneee 2 | Re Fie eee" ~ 
Trauma Factor undetermined or not specified... .10,589 
SE ee ee ee rey 3,228 -_—_—- 
Roentgen ray burn................... 2 Gs o's cs ckteuscecnncasereees eee $1,352 





wealth, and of agencies whose work is related to the prevention of 
blindness.” 

In an attempt to bring about a close relation between the Department 
of Public Assistance of the state and the Council for the Blind, the 
supervising ophthalmologist of the Department of Public Assistance was 
appointed to the staff of the Council for the Blind as consulting ophthal- 
mologist. It is therefore a part of the procedure for the supervising 
ophthalmologist after he has reviewed the ophthalmologic report with 
regard to the eligibility of an applicant for a pension to forward a copy 
to the Council for the Blind. A system of follow-up is then carried 
out in order to secure medical and surgical treatment for the applicant on 
the basis of the recommendation made by the examining ophthalmologist. 
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This procedure was inaugurated in May 1939, five years after the 
enactment of legislation granting pensions. As of January 1941, 7,057 
ophthalmologic reports had been studied, and 25.4 per cent carried g 
definite recommendation for treatment which might result in restored 
or improved vision. The procedures recommended included extraction 
of cataract, treatment for glaucoma, treatment for systemic disease and 
refraction. Two methods of follow-up were employed: First, the 
applicant was referred to an agency engaged in the prevention of blind- 
ness; second, contact was established with the applicant through cor- 
respondence. The following tabulation is an analysis of the number and 
percentage of applicants dealt with by each method: 


“WOU PNET OF GPOMCRINS «0. oo onc cc ccseieicss 7,058 

Number for whom treatment was recommended 1,792 25.4% 
eT ree 779 43.4% 
Contact through correspondence........... 1,013 56.5% 


Persons referred to agencies for the prevention of blindness were 
visited by workers who interpreted the ophthalmic condition and 
explained the ophthalmologist’s recommendation. 

Of the applicants with whom contact was established through 
correspondence, 85.1 per cent replied to a letter asking whether the 
recommendation had been carried out and offering assistance if the 
applicant for some reason had not been able to seek medical care. 

Of the 1,792 persons for whom an attempt was made to secure treat- 
ment, operations have been performed or scheduled for 11.1 per cent; 
treatment has been established for 12.8 per cent, and further contact is 
pending for 19.3 per cent. Of the remaining 57.6 per cent, some have 
rejected treatment, some have died and some present contraindications 
to surgical intervention. The fact that contraindications exist has been 
stated by the applicant and has not been verified by a physician. 

In the follow-up of the 1,013 persons who could not be referred to a 
specialized agency we have experienced many problems. It was imme- 
diately recognized that it would be difficult through correspondence 
alone to assist applicants to understand their need for treatment and to 
help them make use of available resources. It is impossible in such a 
study as this to estimate accurately the value of the services rendered 
by the agencies for the prevention of blindness through direct contacts 
with the applicants. However, the percentage of persons for whom 
surgical and medical treatment was secured was higher among those 
referred to the agencies than among those reached through correspon- 
dence. It is interesting to note that only 3.3 per cent of the entire 
number were sufficiently resourceful to seek treatment for themselves. 
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One of the most difficult problems was the securing of adequate 
medical and surgical care for applicants living in rural sections in which 
there was neither an ophthalmologist nor a hospital equipped to give 
ophthalmologic service. Incidental to the program of urging persons 
to seek the recommended treatment, we have been able to establish three 
ophthalmic clinics, free hospital service in four institutions, the coopera- 
tion of ten ophthalmologists in giving medical and surgical treatment 
and the cooperation of county commissioners in six counties in supplying 
transportation, all in sections of the state where no ophthalmologic 
service had previously been available. 

Since this effort has restored or improved the vision of 11.1 per cent 
of the persons with whom contact was established and has thereby 
resulted in a substantial saving to the commonwealth in payment of 
pensions, it would be an economically sound investment for the legisla- 
ture of Pennsylvania and of other states with pension laws to appropriate 
funds for an adequate program for the restoration of vision and the 
prevention of unnecessary blindness. 


ABSTRACT OF DISCUSSION 


Dr. C. W. RuTHERFoRD, Indianapolis, State Supervising Ophthal- 
mologist, Division of Blind Assistance, Indiana State Department of 
Public Welfare: I wish to outline causes of blindness as found in 
Indiana. The register of blind persons in Indiana on June 30, 1940 
contained the names of 2,358 men and 1,914 women, a total of 4,272, or 
125 per hundred thousand of population; it is not claimed that the 
register is complete. On December 31, 1,379 men and 1,046 women, a 
total of 2,425, or 71 per hundred thousand of population, were receiving 
from the Indiana State Department of Public Welfare monthly assistance 
checks because of blindness. Included in this group were 101 Negro 
men and 79 Negro women, a total of 180, which is 7.4 per cent of the 
2,425 recipients, while for the entire state Negroes represent only about 
3.5 per cent of the population. During the period 1934 to 1941, 238 
children were enrolled in the Indiana State School for the Blind. 


Indiana has but two sources for the organized study of causes of 
blindness, the department of public welfare and the state school for the 
blind. Both use the terminology of the standard classification of causes 
of blindness as published by the Committee on Statistics of the Blind. 
Figures for blind recipients and blind students cannot be combined 
because some of the latter are now included among the former. Eligi- 
bility for assistance because of blindness or for ophthalmic treatment in 
Indiana begins at the age of 21 for men and 18 for women. 


Eligibility for monthly assistance based on visual acuity requires 
that the central vision of the better seeing eye with correcting lens be 
reduced to 20/200 or less or that no diameter of either visual field 
exceeds 20 degrees even though the central vision may be better than 
20/200, e. g. as in retinitis pigmentosa. The school admits children 
whose central vision with correcting glasses is 20/200 or less. 
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_ When the causes of blindness are compared statistics are often decep- 
tive for several reasons : 


1. Data on blind persons who have been successfully treated are 
removed ' from tabulations. They should be retained but the case 
designated as inactive; otherwise their value for study is lost. 


2. Most applicants for assistance because of blindness are first exam- 
ined as to eligibility and causes of their blindness many years after the 
occurrence of the original disease or injury; unless secondary changes 
are recognized as such and distinguished from primary changes, and 


both are properly appraised, errors are sure to appear in the statistical 
study. 


3. Medical records to establish eligibility for monthly assistance or 
ophthalmic treatment are at present executed by a state-wide staff of 
115 approved medical graduates. Their preparation of records reflects 
their ophthalmologic training and experience, personal interest and 
cooperative spirit, and the value of a report is measurable by the same 
factors. The average examiner exhibits much more confidence in diag- 
nosing a blinding condition than in determining its causation. 


4. Undetected malingering adds confusion to statistics. 


Because of more vigilant medical examinations, successful treatment 
and detection of malingering or exaggeration, there are now fewer 
recipients in Indiana of assistance because of blindness than there were 
three years ago. 


The practical purpose of studying causes of blindness is the formula- 
tion of plans for restorative or stabilizing treatment, to conserve vision 
and to prevent blindness. Diagnosis teaches how the eye and visual 
functions are impaired or destroyed by conditions resulting from disease 
and trauma, but determination of the etiologic factor is of first impor- 
tance because it indicates where attacks must be made to mitigate or 
eradicate the causes. Exposures to infections and injuries must be 
controlled. 


Dr. Harry S. Grape, Chicago: The authors have given the first 
nearly accurate report on the causes of blindness. As it was compiled 
from the reports of a large number of ophthalmologists (certified, I 
hope) certain inaccuracies in terminology as well as in interpretation 
were bound to creep in, but they probably constitute a minor percentage. 

Certain of the figures seem inexplicable. How does the state of 
Pennsylvania, with a total population of 9,891,000, have 15,676 appli- 
cants for the blindness pensions (approximately 13 per cent of the entire 
blind population of the United States), while Illinois, with a population 
of about 7,877,000, has 7,659 persons receiving blindness pensions and 
823 additional applicants? This produces a ratio in Pennsylvania of 158 
blind persons per hundred thousand of population; the similar figure 
for Illinois is 102 per hundred thousand. Within the next few years, 
when the ineligibles have been weeded out of the pension rolls, the latter 
ratio will be reduced to less than 80 per hundred thousand. Evidently 
the question of ophthalmic care is not a deciding factor, for in Pennsyl- 
vania there are 148 ophthalmologists and in Illinois 134. 
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Merely for the sake of comparison, I have tabulated the percentual 
causes of blindness recorded by the authors and those found by Best in 
approximately 40,000 cases from the 1928 United States census: 


Cowan Best 





Cocmeenital Gnomeles:..« «. .i00004 shew see §2 4.0 
PP OMREIGAY yo cigs ce hi zepe eee 10.3 16.5 
Diseases of: 

COMMONS bas 6as-w Sine ateseneeoon x BS $2 
RIE widcinexitcn lie sameeren 11.5 5.4 
SUR INE. <5 cies orp sack: co nae vinta ee ae 3.0 iz 
RIVOR was Sere oa ape eee 16.3 0.7 
OO * os Liecsss aictale renee eta epee nirerees 30.0 13.7 
PIN Sic once. vas, an hele eae a nee 10.4 1.6 
CES -TNCEGE osc cann emer ee 10.4 6.9 
WEIR 5 i i Soe xewe een 2.6 44.8 
100.0 100.0 


No survey, thorough as it may be, is of great value unless it is 
followed by an even more intensive corrective program. The latter must 
be compulsory if it is to be of real economic value and must be based on 
close cooperation between the examining ophthalmologist, the law- 
enforcing bodies and the various medical and surgical agencies employed 
in correction. The authors have proved this most conclusively in their 
closing pages and have presented definite percentual results that cor- 
roborate the shadowy figures at which some investigators have guessed. 
In Illinois a similar program of ophthalmologic analysis of the pen- 
sion roll is being carried out, and while it is still too soon to present 
statistics, it has been found that about 25 per cent of the persons drawing 
$1 a day from the state for their loss of sight should be removed from 
the rolls either because their vision is too good or because their defects 
can be remedied and useful vision restored. When more states follow 
the lead of Pennsylvania and employ their leading ophthalmologists to 
survey their blind population with the ultimate aim of a corrective pro- 
gram, then federal, state, local and lay agencies will be able to work 
more intelligently for the much more important task of the prevention 
of blindness. 

His criticism of the type of detail under trauma might seem justifiable 
to ophthalmologists, but details of accidents are important to workers 
for the prevention of blindness. 

These statements are made because the committee developed its 
classification with advice from ophthalmologists throughout this and 
other countries. It has been successfully used in a larger series than 
the Pennsylvania one. 


Four courses are open to ophthalmologists: (1) Try Dr. Cowan’s 
plan, accepting his interpretations ; (2) let every one wishing to classify 
causes of blindness develop his own plan, with a return to chaos and a 
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loss of comparability and usefulness of the statistics; (3) attempt to use 
the much more complicated classification developed for another pu 

by the National Conference on Nomenclature of Disease, even though 
members of that conference approve the shorter classification of causes 
of blindness, and (4) continue to use the classification of the Committee 
on Statistics of the Blind and work toward its further improvement. 
The committee hopes that Dr. Cowan will adopt the fourth plan and 
make his findings available for comparison with those from other states, 


Dr. Conrad BERENS, New York: Members of the Committee on 
Statistics of the Blind regret that Dr. Cowan did not feel it advisable 
to follow the example of other states, which are using the committee's 
classification of causes of blindness. This classification has the approval 
of American ophthalmologists and of the Social Security Board for use 
in such studies and was being considered for international use. 

Apparently Dr. Cowan has not seen the latest revision of the classj- 
fication or the instructions for its use, as he has made errors of inter- 
pretation. For example, the instructions state that terms such as motor 
anomalies are acceptable only in classifying partially seeing persons, since 
the eyeball must be affected to cause blindness. The committee rejects 
sequelae as causes of blindness, accepting the term phthisic or atrophic 
globe only when the cause is undeterminable. Incidentally, how does 
Dr. Cowan classify these conditions, and is not pannus a factor in active 
trachoma, not merely a sequela? 

He errs in assuming that the committee classifies secondary glaucoma 
or any other secondary condition as a cause. 

He criticizes the length of the committee’s classification. The com- 
mittee might agree to further combinations but questions whether 
ophthalmologists would consider Dr. Cowan’s combinations invariably 
sound. His list is actually longer than the committee’s and reverts to the 
inconsistencies of older statistics. 


Dr. ALFRED Cowan, Philadelphia: We do not pretend that our 
classification is final. We merely believe that the classification as 
recommended by the Committee on Statistics of the Blind is not the 
right type for such a paper as this, the purpose of which is to inform 
ophthalmologists, social workers and interested laymen with regard to 
the primary causes of blindness. 

When a person is hit in the eye, we want to know whether that 
person is blind, and the committee says that he was hit in the eye with 
a piece of stone. What is the difference? He was hit in the eye. Ifit 
is desired to classify traumatisms further, that is all right. We do not 
say that this should not be done if one is interested in the type of trauma- 
tism which causes blindness; we merely think that for purposes of a 
paper of this kind our way is all that is necessary. 

I still contend that a scar of the cornea is not a primary cause of 
blindness; nor is pannus. I also contend that myopia is merely a con- 
sequence of some preexisting disease of the eyeball, usually uveitis. That 
of course is merely my opinion. Phthisis bulbi was mentioned. Is 
phthisis bulbi a primary disease? Every ophthalmologist knows that it 
is the end effect. It is a shrinking of the globe as a result of disease. 

If an ophthalmologist examines a patient who is unintelligent and 
cannot give necessary information, we expect him to write in his report 
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that there is phthisis bulbi which is probably the result of uveitis, a 

netrating wound or whatever he thinks the cause may have been, and 
we accept his opinion, There may be occasional errors, but how many 
will be found in a study of 16,000 blind persons? Too few to have an 
important effect on the final result. 

Dr. Gradle wanted to know if senile cataract was the cause given for 
blindness before as well as after operation. I say this: Senile cataract 
is the primary cause of blindness whether or not the eye has been 
operated on. A person with senile cataract who has not been operated 
on is considered blind for the purpose of our paper and for the purpose of 
a pension. If a patient has been operated on, complications set in and 
blindness results, the original cause of blindness is considered to be senile 


cataract. 











MODIFICATION OF THE BREWSTER STEREOSCOPE 
FOR CLINICAL REQUIREMENTS 


EMANUEL KRIMSKY, M.D. 


BROOKLYN 


The familiar Brewster stereoscope consists of a rigid tubular type 
of viewing head that covers the eyes and much of the face. This viewing 
head contains a pair of lenses that are usually decentered outward 
so as to permit inspection of a pair of large stereoscope pictures, each 
3 by 3 inches (7.6 by 7.6 cm.), which are pasted on a single card. The 
viewing distance can be changed, but to a rather limited extent. In the 
early part of this century the entertainment value of the stereoscope 
in providing illusions of a third dimension gradually faded. The subse- 
quent adaptation of the stereoscope to clinical requirements consisted 
in replacement of the pictures by targets that could convey some meaning 
as to the fusion status of the eyes. 

Because of the rigid nature of this simple instrument, the informa- 
tion that such targets could offer was suggestive rather than conclusive, 
qualitative rather than quantitative, and the training with the device 
that was prescribed was empiric, often of imaginary benefit and without 
regard for the patient’s particular type of binocular dysfunction or for 
any preliminary understanding of what constitutes an average normal 
response with a stereoscope. It remained for Worth and his successors, 
who had modified the Wheatstone type of stereoscope, as exemplified 
in the amblyoscope, to explore further the possibilities of that type of 
stereoscope for the measurement of fusion responses as well as of 
deviations. 

The changes made in the Brewster stereoscope to provide for a 
certain flexibility in convergence as well as in divergence readings were 
few and consisted mainly of incorporating rotary prisms (Bielschowsky 
stereoscope) or graded prisms (Hazen kratometer) in the viewing 
head, without necessarily altering the fixity of the stereogram. In 1934, 
on the basis of calculations designed to show the effects on the positions 
and movements of the eyes of displacements of stereoscope targets, of 
varying interlenticular separations and of changing viewing distances, 
I designed a flexible experimental model to enable me to select the 


desirable features already incorporated in this type of instrument and 


From the Department of Ophthalmology, Polyclinic Hospital, New York. 
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to add features I considered clinically necessary. I felt that the Brewster 
stereoscope demanded the following improvements in order to compete 
with the Wheatstone type of stereoscope with regard to the changes 
already made in the latter for purposes of binocular investigation as a 
prerequisite to binocular training : 


1. Sufficient elasticity to permit measurements of convergence and 
of divergence for different ranges of accommodation was made possible 
by separating, or decentering, the lenses and by the use of small medially 
decentered targets. Thus the amount of supplementary base-out prisms 
for added convergence could be reduced markedly to avoid undue 
chromatic aberration. 


2. The instrument was calibrated to provide direct readings in terms 
of prism diopters for far and for near vision without needless com- 
putations. The prismatic value for each millimeter of lateral separation 
varies with the viewing distance, and one must calculate the amount 
of displacement in terms of prism diopters for each distance. However, 
a means was provided for making direct readings in terms of prism 
diopters for the two common testing ranges—the “O” and the 3D. 
accommodation, respectively—by employing two rules automatically cali- 
brated to compensate for such variations. For other ranges a reference 
table is all that the examiner requires (table). 


Prismatic Equivalent Chart for Selective Accommodations in Terms of 
Millimeter Displacement * 

















Viewing 1A 5A 10A 1Mm. 5 Mm. 10 Mm. 
Accommo- Distance, Millimeters Prism Diopters 
dation, D. Cm. — ——_A = A —~ 
~~” 20 1 5 10 1 5 10 
1 16.5 0.83 4.15 8.3 1.2 6 12 
2 14 0.7 3.5 7 1.43 7.15 14.3 
3 12.5 0.625 3.4 6.25 1.6 8 16 
4 11 0.55 2.75 5.5 1.82 9.1 18.2 
5 10 0.5 2.5 5 2 10 20 
13 5.5 0.275 1.86 2.75 3.63 16.2 36.3 
* The accommodation ranges are based on the use of + 5 D. sph. viewing lenses. 


The method of computation used in this table is as follows: 


The displacement of an image by a 1 D. prism at a distance of 100 cm. amounts 
tol cm. (or 10 mm.). Such displacement by a target at that distance (as in the 
stereoscope) instead of by a prism would produce the same effect. In my 
phorometric stereoscope both targets move symmetrically, although the movable 
slide rule (beneath the right viewing box) indicates the readings for both eyes. 


At the 20 cm. viewing distance in this stereoscope (or “O” accommodation for 
+5 D. sph. viewing lenses) 1 prism diopter would indicate a target displacement 
of 2 mm. or, if divided between the two eyes, of 1 mm. for each eye as indicated 
on the slide rule. 
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In the same way, at the 16.5 cm. viewing distance, which represents 6 D. of 
accommodation without viewing lenses but only 1 D. of accommodation with + 5 p, 
sph. viewing lenses, 1 prism diopter would mean 1: 100:: x: 16.5 (cm.), and x equals 
1.65 mm., or an 0.83 mm. displacement on the slide rule for each prism diopter, 

To obtain the prism value for each millimeter of the displacement on the rule, 
merely transpose or divide the aforementioned readings into 1. 

The slide rule on the phorometric stereoscope is engraved on both surfaces: 
one surface is in millimeters, which provides direct readings in prism diopters 
for the “O” accommodation range only; the other surface is engraved to furnish 
direct readings in terms of prism diopters for the 3 D. accommodation testing range, 


3. The instrument was made adjustable so as to enable the examiner 
readily to bring the targets in line with the primary positions for any 
selective accommodative ranges. For example, in order to bring the 
targets in line with the primary positions of the eyes for far vision, the 
instrument is set at the viewing distance corresponding to the focal 
length of the viewing lenses (or the “O” accommodation mark on 
the base rod) and the targets are adjusted to the “O” convergent 
position (fig. 2). By shortening the viewing distance to the 3 D, 
accommodative range the primary position of the targets is altered for 
that amount of accommodation. Such uniformity in the relation 
between accommodation and the primary position of the targets can be 
maintained as long as the interlenticular separation is fixed. In a previ- 
ous model, which I built for research studies, the viewing head provided 
for a varying interlenticular separation as well as for the insertion of 
lenses of different strengths. Such an arrangement required a list of 
tables to show the different primary positions for the different lenses 
and interlenticular separations in relation to different viewing distances. 

4. Convergence or divergence of the eyes for selective accommoda- 
tive ranges was brought about by corresponding displacement of the 
targets in relation to the respective primary positions, rather than by 
the operation of graded prisms in the viewing head, in order to keep 
the viewing frame as free as possible for inspection of the patient’s 
eyes. Target displacement proved more interesting to the patient, and 
calibrations could be seen more readily on his viewing the box than 
on his viewing the frame. 


5. The clear visibility of the patient’s eyes was made possible by 
freeing the viewing head from all unnecessary encumbrances, by the 
use of lenses of large diameter, by the incorporation of a reflecting mirror 
to enable the examiner to observe the eyes of the patient without exciting 
his suspicion and by the use of brightly illuminated transparencies, which 
could produce bright reflexes on the corneas (fig. 3). 


6. Due provision was made for the insertion of various adapters; 
for example, calibrated adapters to provide vertical target displacement 
to either eye, an adapter to produce a graded stereoscopic effect for the 
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KRIMSKY—MODIFIED STEREOSCOPE 














\1 
\! 
ee ——— 4 
- 
( / 
| 
| \| (1) | 
A. Nagtow Lens Se PaRraTion B.Decenrearon or Lenses PERMIT WIDER 
SEPARATION Ss 





811 











- i 
C.Repvcine Size OF Frames RESULTS ™ 
GREATER GAD BETWEEN TARGETS 











9 ea 


— 





D Decenrenine TARGETS 


E. Supprementary 


Pases 


Fig. 1—Reducing the convergence restriction of the Brewster stereoscope. 
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measurement of stereopsis and a reducing adapter to permit the ready 
insertion of 2 by 2 inch (5 by 5 cm.) kodachrome slides, glass plates 
or other transparencies for this common size. 

7. Transparent and brightly illuminated targets were found to 
produce better illumination of eyes as well as brilliant corneal reflexes 
for purposes of objective study, and they also helped in the study of 
abnormal retinal correspondence as well as in cases of amblyopia. The 
targets were set in independent holders, or carriers, to permit their 
flexible separation or approximation; variation at will in the amount 

















Fig. 3—The diagnostic and the training stereoscopes (unretouched photograph). 


of lighting to each eye was made possible by independent flashers. 
Displacement of targets was made symmetric rather than individual in 
the interests of simplicity of operation and of uniformity in readings. 
As in the case of prism testing, it mattered not whether target dis- 
placement was directed to one eye or equally to the two eyes. Displace- 
ment of targets was mechanical and its operation manual rather than 
automatic. In certain instances, especially in cases of true retinal cor- 
respondence, the manual operation of the instrument by the patient was 
found to yield a better vergence response than did passive operation. 
3y active cooperation on the part of the patient there was brought about 
a stimulation of hand-eye movement, or so-called psychophysical parallel- 
ism. As simple an act as convergence was often found to be appreciably 
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greater when the patient was made to fix his eyes on his own finger 
rather than on that of the examiner. 

The instrument was made simple and rigid, and the features of 
doubtful clinical value were carefully avoided, for example rotary move- 
ments of the targets. While there may be value in vergence with rotation 
of the eyes, it would appear logical that the breaking up of disjunctive 
imbalance in one direction of gaze would appear enough of an accom- 
plishment without adding the conjugate factor of rotation of the eyes. 
The instrument does not provide for lateral rotation of the eyes in a 
locked vergence position, as does the synoptophore. While this feature 
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Fig. 4—Primary settings on the diagnostic and the training stereoscopes. A, for 
infinity; 1, viewing distance 20 cm., or “O” accommodation on the base rod; 2, 
pointer setting at “O” diopter, or the 50 mm. mark, the same as on the diagnostic 
instrument above. 8, for 3 D. accommodation: 1, viewing distance 12.5 cm., or 
3 D. accommodation on the base rod; 2, pointer setting at 3 D., or the 31 mm. 
mark, the same as on the diagnostic instrument above. 


may be easily incorporated in this type of instrument, it would also add 
to the details and problems involved in training. 

As a diagnostic instrument, it was designed to measure as far as is 
possible in a comprehensive way binocular function in a manner parallel 
to that of screen and prism tests. It was intended to supplement rather 
than to replace the established screen test for purposes of confirmation 
and completeness and to provide added proof in evaluating the need for 
possible binocular training. As a training instrument it was designed 
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to provide prism training in a pleasant manner with due regard for the 
psychologic and clinical needs of the individual patient. 

On the basis of both prism and stereoscope measurements, binocular 
dysfunction was classified according to the following accepted standard: 
divergence insufficiency and excess and convergence insufficiency and 
excess. Training was therefore prescribed in selected cases not merely 
to provide “base-in” or “base-out” exercises by operation of the instry- 
ment without regard for the particular range of the accommodative 
defect. By disregarding accurate settings of the instrument the examiner 
may think he is prescribing “base-out” training when as a matter of 
fact he is producing the opposite effect, as, for example, when setting 
the targets in relation to parallelism of the visual axis for a 3 D. accom- 
modative range (fig. 2). 

One of the vexing problems in the use of the stereoscope concerns 
the corrections to be made for changes in pupillary separation. This 
subject was clarified in a previous report which proved that pupillary 
separation can be disregarded in stereoscope readings and that the rela- 
tion between variations in such pupillary separations and a fixed inter- 
lenticular separation serves automatically to compensate for any errors 
that might otherwise occur through the prismatic effects of relative 
decentration.! 

On the basis of consistent use, I find that for patients presenting 
varying degrees of deviation as well as binocular dysfunction one can 
carry out essentially the same studies with a calibrated Brewster type 
major stereoscope as with the major amblyoscope. Among these are 
studies of (a) abnormal retinal correspondence, (b) fusion amplitude 
(convergence and divergence; breaking and recovery points), (c) 
horizontal and vertical phorias, (d) vertical vergences, (e) amount of 
stereopsis and (f) macular or paramacular suppression. 

In favor of the Wheatstone type of stereoscope is the greater 
flexibility in convergence range without the possibility of chromatic 
aberration. However, one can overcome the restriction of these factors 
in the Brewster stereoscope to a marked extent by the use of small 
decentered targets, decentered viewing lenses and only moderate strength 
of the added prisms when these are required. With a stereoscope having 
a 100 mm. interlenticular separation and with fairly small split targets, 
the eyes can be adapted to a convergence of at least 35 prism diopters 
for the infinity-equivalent range (“O” accommodation) and to at least 
25 prism diopters of added convergence for 3D. of accommodation 


1. Krimsky, E.: The Stereoscope in Theory and Practice, Brit. J. Ophth. 
21:161-197 (April) 1937; Some Newer Developments in Precision Type Stereo- 
scopes, Arch. Ophth. 19:394-402 (March) 1938; Psychologic Considerations in 
the Study of Binocular Function, ibid. 21:662-670 (April) 1939. 
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without resort to supplementary prisms. The addition of 40 prism 
diopters of base-out prisms (in the prism holder) is sufficient for the 
investigation of convergent squint in most cases, and the slight chromatic 
aberration is not enough to interfere with binocular investigation. 

In cases of more extreme convergent squint binocular function is 
too impaired to provide positive information that may help one in 
diagnosis or in training. In such cases the measurement of deviation 
alone is the best that can be expected. From the standpointeof training 
one cannot hope for appreciable improvement with the stereoscope or 
with the synoptophore in cases of marked convergent squint. The milder 
types of convergent squint that are amenable to binocular training should 
therefore be as amenable to training with the Brewster type of instru- 
ment as with the Wheatstone type. 

From the standpoint of training the major amblyoscope as con- 
structed at present requires the physician or assistant to manipulate the 
light carriers. In the case of true projection much valuable time can 
be saved by entrusting to the patient the manipulation, or displacement, 
of targets for the required defect range. The patient can be made to 
cooperate actively rather than to remain a passive observer. 

The Brewster type of stereoscope lends itself to ample selection of 
accommodative ranges. By shortening the viewing distance I can bring 
as much as 13 D. of accommodation into play without having to resort 
to compensating lenses, as with the Wheatstone stereoscope. The major 
Brewster stereoscope is designed to emulate the changes in positions 
of eyes for different accommodative ranges. While the position of the 
eyes in looking through a stereoscope both for an infinity-equivalent 
range and a 3 D. accommodative range may be the same as in ordinary 
vision for 20 feet (6 meters) or for 13 inches (33 cm.), respectively, 
the position of eyes in relation to targets is a flexible matter dependent 
on the strength of the viewing lenses, the interlenticular separation, the 
viewing distance and the incorporation of supplementary prisms, 














OCULAR CONDITIONS ASSOCIATED WITH 
COLIFORM BACTERIA 


CLINICAL AND EXPERIMENTAL OBSERVATIONS ON COLIFORM BACTERIA 
INFECTIONS OF THE UPPER RESPIRATORY TRACT 
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The pathogenicity for the rabbit of coliform bacteria isolated from the 
upper respiratory tract of man has been considered in previous investiga- 
tions." The present communication is concerned with the possible sig- 
nificance of these organisms in various acute and chronic ocular diseases 
in man. A large number of patients with serious uveal inflammation 
have been found to harbor coliform bacteria in their respiratory passages. 
Since these bacteria have been isolated from the same _ patients on 
repeated cultures, often in pure culture, they probably should not be 
considered transitory invaders. Moreover, it appears that an agent 
capable of producing a toxin as pathogenic for the rabbit as that 
produced by coliform bacteria might in man in the presence of sen- 
sitized tissues or lowered resistance produce severe acute or chronic 
ocular disease. 

In view of these observations and of the apparent affinity of the 
toxins of these microbes for the uveal tissue of the rabbit, it seemed 
desirable to investigate their possible role in the causation of diseases 
of the eye of man. This report concerns the incidence of coliform 
bacteria in patients, the ocular diseases together with which they were 
found and the results of vaccine therapy. A careful analysis of the 
histories of the patients, a number of whom were observed for several 
years, may clarify the possible relation between the presence of coliform 
bacteria in the upper respiratory tract and the ocular and the systemic 
symptoms associated with them. 


Aided by a grant from The Ophthalmological Foundation, Inc. 

Read before the Section on Ophthalmology at the Ninety-Second Annual 
Session of the American Medical Association, Cleveland, June 5, 1941. 

1. (a) Berens, C.; Nilson, E. L., and Chapman, G. H.:  Iritis Produced in 
Rabbits’ Eyes by the Intravenous Injection of Crude and Purified Cultures of 
Bacteria Isolated from Patients with Certain Inflammatory Eye Diseases, Am. J. 
Ophth. 19:1060, 1936. (b) Berens, C., and Nilson, E. L.: Experimental Acute 
Iridocyclitis in Rabbits Produced by Coliform Bacilli Isolated from the Upper 
Respiratory Tract of Man, Tr. Am. Ophth. Soc., 1940, vol. 38. 
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Before the clinical observations are discussed, certain factors con- 
cerning some phases of experimental ocular lesions associated with infec- 
tion due to coliform bacteria will be considered. 


CLASSIFICATION OF COLIFORM BACTERIA 


Although much work has been done in the attempt to classify the 
gram-negative organisms now grouped as coliform bacteria, the classi- 
fication is still in a state of great confusion. This appears to be caused 
mainly by the marked instabilty of the biochemical properties of these 
bacteria,?> which permits them to alter their characteristics from those 
of one species to those of another according to age, a shift in environ- 
ment or factors not yet determined. In 1939 Parr? summarized the 
important findings concerning these organisms and concluded with the 
suggestion that for the present they be termed coliform bacteria. 


TasBL_E 1—Comparison of Varieties of Coliform Bacteria Encountered in the 
Upper Respiratory Tract and in the Intestinal Tract in Man 








Atypical 
Esch. Coli, 
K. Pneumoniae, 
Paracolon Bacilli, 


Typical Proteus and B. 
Esch. Coli, Pyocyaneus, 
Percentage Percentage 
Strains from upper respiratory tract (120).................. 29.2 70.8 
TENE GOUIIN e a's s0ss-tinsy's sie ios wie aes 44A CON EWAT BEE Re US 62.0* 38.0 








* These were isolated from patients with chronic diseases. The proportion of typical Esch. 
coli would undoubtedly be higher in persons having no symptoms of chronic disease. 


Included in the group are.the Klebsiella genus (the Friedlander 
bacillus), Aerobacter aerogenes, typical and atypical strains of Escher- 
ichia coli, Morgan and paracolon bacilli, Escherichia freundii, Shigella, 
Eberthella, Salmonella, Aerobacter cloacae and Proteus. Topley and 
Wilson * stressed the difficulty of identifying the different members of 
this group by ordinary laboratory methods, especially in distinguishing 
between the A. aerogenes and Klebsiella pneumoniae groups, which many 
workers believe to be identical. Edwards * was unable to differentiate 
fecal from nonfecal coliform strains. 

We found as many varieties of coliform bacteria in the upper respira- 
tory tract as in the intestinal tract, though the proportion of mucoid 
strains was higher in the upper respiratory tract (table 1). This bears 





2. Parr, L. W.: Coliform Bacteria, Bact. Rev. 3:1-48, 1939. 
3. Topley, W. W. C., and Wilson, G. S.: The Principles of Bacteriology and 
Immunity, ed. 2, Baltimore, William Wood & Company, 1936. 


4. Edwards, P. R.: Relationships of the Encapsulated Bacilli with Special 
Reference to Bact. Aerogenes, J. Bact. 17:339, 1929. 
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out Parr’s? assertion that the typical intestinal form is Esch. eof 
whereas the coliform bacteria from other parts of the body, such as the 
bladder and the upper respiratory tract, are usually of the encapsulated 
type. This type is also found more frequently in the soil than in feces, 
Although the strains from the respiratory tract varied somewhat in 
pathogenicity, no one type appeared to exceed in toxicity. The apparently 
greater toxicity of these strains as compared with the intestinal strains 
raises the question of the influence of habitat on pathogenicity (table 2), 
Another factor affecting the disease-producing ability of these organisms 


TasLe 2.—Comparison in Iridocyclitis-Producing Property of Coliform Bacteria 
from the Upper Respiratory Tract and from the Feces (K. Pneumoniae), 
0.5 Cc. of a Twenty-Four Hour Culture Injected Intravenously 
Into Rabbits Being Used (Berens and Nilson*)* 








Intensity of Iridocyclitis Produced 








by Strains from Upper Intensity of Iridocyclitis Produced by 
Respiratory Tract Strains from Feces 
— A 7 a on ——— 
Rabbit No. 4 Hours 24 Hours Rabbit No. 4 Hours 24 Hours 

1 ++ 0 12 0 0 

2 ++ ++ 13 0 0 

3 ++ + 14 +(%) 0 

4 + Poe 15 +(%) 0 

5 aaa ~ 16 = + 

6 ++ ++ 17 0 0 

7 oe o- 18 + + 

8 ++ Animal dead 19 +(%) + 

9 ++ +, 20 + ++ 
animal dead 
in 48 hours 

10 ++ ++ 
11 ot ++, 
animal dead 
in 30 hours 
Average intensity 2.0 plus 1.4 plus 0.5 plus 0.55 plus 
Mortality.......... 27% 0% 








* The designation + indicates a very slight congestion; +, a definite congestion in the 
vessels of the iris; ++, marked engorgement of the vessels in the iris; +++, marked con- 
gestion of the iris, marked circumcorneal congestion, edema and clouding of the iris with or 
without small hemorrhages; ++++, the same as +++ with the addition of exudate in the 
anterior chamber. . 


may be seasonal, a seasonal variation having been noted during the 
course of our experiments. Whether such a variation is caused by 
changes in the organisms or in the resistance of the hosts is an open 
question. From the clinician’s viewpoint, determination of the patho- 
genicity of an organism supersedes classification in importance. The 
following means are generally used to classify the coliform bacteria: 
growth on Levine’s eosin—methylene blue agar, Simmons’ citrate agat 
and blood agar ; Voges-Proskauer and methyl red tests, and the produc- 
tion of indole. 








| 
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PATHOGENICITY OF COLIFORM BACTERIA 


A. For Animals.—The pathogenicity of certain members of the group 
for animals is well known, particularly in regard to diseases of the intes- 
tinal tract. Parr * quoted Ten Broeck as stating that “it is extremely 
difficult to evaluate the importance of the colon group in animal pathol- 
ogy but that they take the place of streptococci in man, i. e., they are 
often secondary invaders that complicate infection.” Parr also pointed 
out that the coliform bacteria involved in diseases of animals are usually 

















Fig. 1—Iridocyclitis in the anterior segment of a rabbit eye twenty-four hours 
after an intravenous injection of 1 cc. of coliform bacteria. The animal lived 
for twenty-four hours. At the end of six hours the eyes showed marked injection 
of the vessels of the iris and clouding of the anterior chamber. Pathologic 
examination revealed edema, congestion of the vessels and areas of hemorrhage 
in the ciliary processes. Fibrin and a few polymorphonuclear leukocytes were 
scattered through the interstitial tissues of the iris and the ciliary processes. The 
epithelium of the ciliary processes was necrotic in a few places. In the anterior 
and posterior chambers a fine granular precipitate was noted. Gram-negative bac- 
teria were observed in vessels of the ciliary processes in another section from 
the same animal. 











820 ARCHIVES OF OPHTHALMOLOGY 


in the mucoid phase and more pathogenic for young than for mature 
animals. The natural resistance of the animal seems to play an impor- 
tant part in its susceptibility to infection due to coliform bacteria, though 
some immunity may be acquired through injections of immune serum. 
Some of the diseases caused by coliform bacteria are mouse typhoid, 
scours in calves, the infectious diarrhea of chicks, abortion in sheep and 
mastitis in cows. In experimental infections produced by intravenous, 
intraperitoneal or subcutaneous injection of the live organisms, coliform 
bacteria appear to be fairly toxic for laboratory animals. In 19]] 
Guillery * reported the production of uveitis in rabbits by the intravenous 


TasLe 3.—Reaction of Immunized Rabbits * to Intravenous Injections of Coliform 
Bacteria Freshly Isolated from the Upper Respiratory Tract 








Number of Days Amount 
Previous Since Last of Fresh 


Injections Injection Culture, Ce. Reaction 

Test rabbit 812....... 6 3 1.0 a Iritis in 3 hours, negative in 24 
hours 

Control rabbit 818... 0 ee 1.0 ++ Iritis in 3 hours, + iritis in 2% 
hours 

Test rabbit 563....... 1 21 1.0 + Iritis in 4 hours, subsiding in 24 
hours 

Control rabbit 574... 0 we 1.0 ++ Iritis in 4 hours, animal dead 
in 18 hours 

Test rabbit 807....... 1 4 0.5 + Iritis in 3 and 18 hours 

Control rabbit 810... 0 on 0.5 +++ Iritis in 3 hours, ++ in 18 hours 

Test rabbit 809....... 1 4 0.3 + Iritis in 3 and 18 hours 

Control rabbit 811... 0 J 0.3 ++ Iritis in 3 and 18 hours 

Test rabbit 873....... 3 3 0.3 No iritis in 4 and 24 hours 

Control rabbit 886... 0 a 0.3 ++ Iritis in 4 hours, good + iritis 
in 24 hours 

Test rabbit 874....... 4 3 0.3 + Iritis in 4 hours, negative in 
24 hours 

Control rabbit 886... 0 os 0.3 ++ Iritis in 4 hours, good + iritis 
in 24 hours 

Test rabbits 876, 3 44 0.3 No iritis in 4 and 24 hours 

877, 879 and 880 
Control rabbits 0 ea 0.3 +4 Iritis in 4 hours, + iritis in % 
884 and 885 hours 





* Rabbits having received one or more small intravenous doses of either culture or filtrate 
of an iritis-producing upper respiratory tract coliform bacillus. 


injection of filtrates of “ferment-producing” organisms. He deduced 
that the filtrates of certain of these organisms had an affinity for the 
uveal tract. His work was later confirmed by Woods,® who produced 
“chronic infiltrative uveitis” with Bacillus prodigiosus, an organism 
somewhat similar to the coliform bacteria in that it is a gram-negative 
coccobacillus occasionally found in the intestinal tract. Like us, he was 
able to produce immunity in rabbits by repeated small intravenous doses 


5. Guillery: Ueber Fermentwirkungen am Auge und ihre Beziehungen zur 
sympathischen Ophthalmie, Arch. f. Augenh. 48:242, 1911; Untersuchungen iiber 
Uveagifte, ibid. 78:11, 1914. 

6. Woods, A. C.: Ocular Anaphylaxis: The Reaction to Perfusion with Specific 
Antigen, Arch. Ophth. 45:557, 1916. 
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of bacterial filtrate. From these reports it is evident that some strains of 
coliform bacteria are pathogenic for animals. 

Transitory acute iridocyclitis was produced in rabbits by intravenous 
injections of cultures with smaller amounts and in a higher proportion 
of animals when coliform bacteria obtained from the upper respiratory 
tract were used than when other types of bacteria ordinarily found in 
this tract were used *” (fig. 1). 

Bacteria-free filtrates also produced iridocyclitis, and the results 
obtained from intravenous injections of these filtrates and of the original 
cultures were identical. Of particular interest was the marked differ- 
ence in pathogenicity between coliform bacteria from the upper respira- 
tory tract and fecal strains, the former being more lethal as well as 
possessing a greater iritis-producing ability. The fact that partial or 
complete immunity could be produced in rabbits by small intravenous 
doses of either cultures of live coliform bacteria or their sterile filtrates 
suggested the possibility of using autogenous vaccines for patients har- 
boring these organisms (table 3). 

B. For Man.—The pathogenicity of coliform bacteria for man is more 
difficult to determine. In the case of definite lesions or an acute disease 
the diagnosis is comparatively simple. Baehr, Shwartzman and Green- 
span’ summarized the knowledge of the Friedlander bacillus as the 
etiologic agent in a number of diseases. Belk* reported 18 cases of 
pulmonary infection (lobar pneumonia and pulmonary abscesses) caused 
by the Friedlander bacillus, in all of which the patient died. Thygeson ® 
recently reported on 94 cases of conjunctivitis and keratitis, in 11 of 
which he attributed the disease to some member of the coliform group. 
Parr * referred to reports on Proteus morgani as the etiologic agent in 
diarrhea in infants, dysentery in adults, infections of the intestinal and 
of the urinary tract, meningitis, infections of wounds and septicemia. 
The Friedlander bacillus has been found in association with similar dis- 
eases but more predominantly in the upper respiratory tract. Other 
members of the coliform group have also been reported as causing the 
diseases mentioned, in addition to which they have been held responsible 
for food poisoning in certain cases, infectious arthritis and “rare cases of 
infectious dermatitis.” In connection with the reports of food poisoning 
caused by some member of this group, Parr said: “If coliform organisms 
can produce a toxin, as seems amply demonstrated, it is a little odd that 
more intoxications with this toxin have not occurred; it may well be 





7. Baehr, G.; Shwartzman, G., and Greenspan, E. B.: Bacillus Friedlander 
Infections, Ann. Int. Med. 10:1788 (June) 1937. 

8. Belk, W. P.: Pulmonary Infections by Friedlander Bacillus, J. Infect. Dis. 
$8:115-126, 1926. 

9. Thygeson, P.: The Cultivation of Conjunctivitis—and Keratitis-Producing 
Agents on the Chorioallantoic Membrane of Chick Embryo, Am. J. Ophth. 23: 
1217, 1940. 
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that the human adult is relatively resistant to it.” While this is probably 
so, one should not lose sight of the fact that there has been a tendency 
to overlook the probable pathologic significance of this group of organ- 
isms in chronic diseases, even as secondary invaders. One of its most 
toxic members, the Friedlander bacillus, has been generally regarded 
as a normal habitant of the upper respiratory tract and of little 
importance.* 

The following opinions on the coliform bacteria in infections of the 
upper respiratory tract were obtained by personal communication with 
physicians in various parts of the country. 


1. J. R. Lindsay: 


I have not paid particular attention to coliform bacteria in connection with infec- 
tions of the upper respiratory tract and therefore can give no definite information, 
I have, however, obtained pure cultures of the Friedlander bacillus in rare cases 
of empyema of the maxillary sinus. The condition has responded quickly to 
irrigation. Organisms of the coliform group are sometimes observed in my routine 
cultures of material from the throat and from the paranasal sinuses in cases of 
chronic suppuration; that is, Bacillus proteus and Esch. coli have been reported. 
I have thought that they were not the primary cause of the suppuration but were 
secondary invaders, appearing after drainage had been impeded. In the case of the 
Friedlander bacillus, however, it appeared that the infections were subacute and it 
seemed probable that this organism originated the empyema. 


2. S. J. Crowe: 


I have observed many cases of infection of the accessory nasal sinuses in which 
some organism of the coliform group was obtained on culture, but I have always 
thought that these organisms were secondary invaders and were not responsible for 
lesions of the eyes, joints or kidneys. 


3. G. M. Coates: 


I can say only that I have no notes of cases of infection of the upper respiratory 
tract associated with organisms of the coliform group. Occasionally I obtain a 
culture positive for the Friedlander bacillus, Esch. coli or B. proteus, and I have 
usually considered the last-named organism a causative agent. None of the cases 
that I can think of were of ocular lesions. 


4. A. W. Proetz: 


To the best of my recollection I have observed no cases of infection in the upper 
respiratory tract attributable to coliform bacteria. This does not mean, however, 
that such infections have not existed, for unless an infection of the upper respiratory 
tract has some unusual feature no cultures are made in my office. Certainly none 
of the more unusual or intractable infections which have come to my notice have 
been of this character. 


5. R. Kramer: 


I have had some rather interesting experiences with Esch. coli in infections 
of the sinuses, particularly in relation to associated ocular conditions. In a few 
cases a pure culture of Esch. coli was obtained from material from the sinuses 
and there was a striking cure of the ocular disease when the sinus infection was 
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eradicated. I have the impression, unsubstantiated by statistics, that Esch. coli 
causes a focal infection oftener than the frequency of its presence in cases of 
uncomplicated infection would lead one to expect. It would be interesting to check 
this by actual count. 


6. H. T. Hyman: 


Dr. J. Felsen isolated Bacillus mucosus capsulatus (K. pneumoniae) and non- 
hemolytic streptococci from the sinus exudate of a patient with recurrent parenchy- 
matous keratitis. The former organism is, according to my experience, particularly 
apt to cause focal difficulties. 


ATTEMPTS TO ESTABLISH AN ETIOLOGIC RELATION IN 
INDIVIDUAL CASES 


Because of the difficulty of determining the presence or the severity 
in chronic disease, which may be latent or hidden, the use of so-called 
normal controls has proved unsatisfactory. Therefore, it has been neces- 
sary to seek proof of an etiologic relationship of infection by indirect 
methods, some of which are discussed hereafter. 


Cutaneous Tests——The value of cutaneous tests as an aid to the 
determination of pathogenicity appears doubtful. Chapman and Berens ?° 
noted that in general there was little agreement between the toxicity of 
an organism (as determined by in vitro tests, which showed a fairly close 
correlation with animal inoculation) and its intradermal effect. With 
the coliform group the correlation was even less than with other types 
of bacteria. Short, Dienes and Bauer ** maintained that “variations in 
skin reactions may be explained by differing irritability of the patient’s 
skins, natural toxicity of the bacterial species, or possibly by a sensitiza- 
tion to certain bacterial groups.” Chapman and Berens ?° pointed out 
that there is no great difference in the proportion of positive cutaneous 
reactions between patients with ocular diseases and control groups, 
which confirms the findings of Steinberg and Wiltsie,’* who obtained 
cutaneous reactions with toxic filtrates of Esch. coli in all of 60 normal 
children and 40 normal adults, although 4 of 11 patients with pyelitis 
in whom Esch. coli was the infecting organism did not react to the 
filtrate. Solis-Cohen,'* in comparing the value of the cutaneous tests 


10. Chapman, G. H., and Berens, C.: Comparison of Intradermal Tests with 
Agglutinability and Certain in Vitro Tests of Streptococci, Micrococcus Catar- 
thalis, and Colon Bacilli Isolated from Persons Suspected of Having Chronic 
Infection, J. Lab. & Clin. Med. 24:601, 1939. 

11. Short, C. L.; Dienes, L., and Bauer, W.: Autogenous Vaccines in Rheu- 
matoid Arthritis: A Clinical Study and Critique, Am. J. M. Sc. 187:615, 1934. 

12. Steinberg, B., and Wiltsie, C. O.: Skin Reactions to the Colon Bacillus 
and Its Toxic Products, J. Immunol. 22:109, 1932. 

13. Solis-Cohen, M.: Comparison of the Relative Values of Intracutaneous 
Skin Test and of Pathogen-Selective Culture in Selecting Bacteria for Vaccines 
from Mixed Infections, Am. J. Clin. Path. $:305, 1933. 
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with that of his pathogen-selective method, concluded that “there jg 
probably no relationship between hypersensitiveness in the host to the 
exogenous and endogenous toxins of a given organism and the patho- 
genicity of such organism for the host.” Recently Branham, Hitchens 
and Root * reported on a series of experiments in which they studied 
the significance of positive cutaneous reactions to meningococcus toxins 
in a group of 490 boys among whom there had been an outbreak of 
meningococcal meningitis. The blood from 50 of these boys was tested 
for bactericidal and phagocytic effects on meningococci. There was no 
significant correlation between the results of the tests and the reactions 
to intracutaneous injections of meningococcus toxin. Of interest, how- 
ever, was the suggestion of seasonal influence on reactivity, the reactions 
being less pronounced in the early summer. Although cutaneous reac- 
tions seem on the whole to be in no way related to the presence of infec- 
tion, there may be some basis for using them as a measure of acquired 
immunity to coliform bacteria, since the reaction tends to diminish with 
vaccine therapy.*® 


Agglutination Tests—Agglutination tests as indicators of patho- 
genicity are also of questionable significance. Recently Falk and 
Smith,?® working with therapeutic antimeningococcus preparations with 
mice, observed that certain preparations showing no agglutinins were 
on repeated testing able to protect mice as well as preparations showing 
marked agglutination. Eastwood ** pointed out that active immunity 
could be acquired without the production of serologic antibodies, while 
Teale ** showed that an immunized animal could clear various organisms 
from the blood in the absence of agglutinins, bactericidins and antibodies 
protective against the invading micro-organisms. Gilbert and Dacey ® 
reported the recovery of Brucella abortus from the blood clot of a 


14. Branham, S. E.; Hitchens, A. P., and Root, M. B.: A Study of the 
“Skin Test” with Meningococcal Toxins in a Group of Boys, J. Bact. 41:55, 1941. 

15. Mateer, J. G.; Baltz, J. I.; Fitzgerald, J., and Woodburne, H. L.: Colon 
Bacillus Vaccine Therapy as Related to Chronic Functional Diarrhea, Chronic 
Headache, Chronic “Toxic Vertigo” and “Unstable” Colon (Non-Ulcerative 
Colitis), Am. J. Digest. Dis. & Nutrition 2:621, 1935. 

16. Falk, C. R., and Smith, S. L.: The Relationship of Mouse-Protective 
Activity to the Agglutinin and Precipitin Content of Therapeutic Antimeningo- 
coccal Preparations, J. Bact. 41:56, 1941. 

17. Eastwood, A.: The Nature of Antibodies, J. Hyg. 33:259, 1933. 

18. Teale, F. H.: Some Observations on the Relative Importance of the 
Reticulo-Endothelial Tissues and the Circulatory Antibody in Immunity: I. Bac- 
terial Immunity in Relation to the Role Played by the Circulating Antibody and 
the Tissues Following Intravenous Introduction of the Bacteria, J. Immunol. - 
28: 133, 1935. 

19. Gilbert, R., and Dacey, H. G.: The Isolation of an Organism of the 
Abortus-Melitensis Group from a Blood Clot, the Serum of Which Failed to 
Give Agglutination with B. Abortus, J. Lab. & Clin. Med. 17:345, 1932. 














BERENS-NILSON—COLIFORM BACTERIA INFECTIONS — 825 


patient whose serum did not agglutinate this organism. Autoagglutina- 
tion makes it impossible to use agglutination tests in certain instances. 
Stiles and Chapman *° showed that in general agglutinable cultures did 
not give stronger in vitro toxic reactions than did inagglutinable cultures. 
They found that certain cultures which were highly toxic according to 
in vitro tests were entirely inagglutinable. On the other hand, they 
noted that certain serums agglutinated a wide variety of bacteria, some 
in high dilution, suggesting that “agglutination was as much a function 
of the serum as of the bacteria.” Rawls and Chapman *! found that 
streptococci which were toxic according to in vitro tests but inagglutina- 
ble by the patient’s serum had greater power to produce arthritis in 
rabbits than did toxic strains which were agglutinable by the patient’s 
serum. 

Determination of the electrophoretic mobility of coliform strains has 
been found more applicable to group testing than to the testing of indi- 
vidual strains. Using this method, Stiles and Chapman *° tested 2,148 
strains of coliform bacteria and found agreement with agglutinability 
in 67.4 per cent of the cultures. They also found that there was an 
agreement of less than 40 per cent between cutaneous tests and 
agglutination tests in the coliform group. Hence, it would seem that the 
ability of a patient’s serum to agglutinate an autogenous coliform strain 
would give little indication as to its etiologic significance. 

Solis-Cohen Pathogen-Selective Method.*—This method proposed 
for selecting pathogens is based on the power of toxic bacteria to survive 
the bactericidal power of the patient’s blood. Although the method 
appears to be sound theoretically, it has not been shown to be reliable.** 


Complement Fixation Method—A_ general positive correlation 
between the complement-fixing properties of unheated blood serum and 
the electrophoretic mobility of the colon bacilli isolated from the feces 
of the person from whom the blood was obtained has been shown by 
Chapman ** and his associates. However, in using a wide variety of 
bacterial antigens they found that the complement fixation reactions 
were not highly specific. Cross fixation, difficulty in titrating and pre- 
serving antigens, variability in anticomplementary properties of different 


20. Stiles, M. H., and Chapman, G. H.: Relationship Between Agglutinability 
and Certain in Vitro Tests of Staphylococci, Streptococci and Colon Bacilli 
Isolated from Persons Suspected of Having Chronic Infection, J. Lab. & Clin. 
Med. 24:620, 1939. 

21. Rawls, W. B., and Chapman, G. H.: Experimental Arthritis in Rabbits, 
J. Lab. & Clin. Med. 27:49, 1935. 

22. Stuart, C. A., and others: Antigenic Relationships of Coliform Bacteria, 
J. Bact. 46:101, 1940. Short, Dienes and Bauer.12 

23. Chapman, G. H.; Berens, C.; Lieb, C. W.; Rawls, W. B., and Stiles, 
M. H.: Examination of Cultures from Persons Suspected of Having Chronic 
Infection, Am. J. Clin. Path. 9:491, 1939, 
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blood specimens and lack of complement-fixing power in certain diseases 
prevented the successful application of this method. 


Comment.—From the foregoing discussion it would appear that at 
present there is no satisfactory method for determining the pathogenicity 
of a coliform strain recovered from a patient with chronic disease. 
Therefore, it seems necessary to follow the unsatisfactory procedure of 
determining the presence of coliform bacteria in a focus not ordinarily 
considered to be their habitat, to attempt to eliminate these bacteria by 
immunization, chemotherapy or other means and to make careful bacteri- 
ologic examinations in conjunction with clinical studies. 


CLINICAL OBSERVATION 


Cultures taken from the upper respiratory tract of 411 patients 
with ocular diseases or complaints showed the presence of some 
member of the coliform group of bacteria in 102 (24.8 per cent). The 
material was obtained from one or more of the following sources: naso- 
pharynx, nasal membranes, sinuses, gums, teeth and tonsils. The most 
common sites were the nasal membranes and the nasopharynx. Until 
the last three years we rarely prepared autogenous vaccines from these 
coliform strains from the upper respiratory tract, since the prevalent 
opinion was that they were of little if any significance as factors in 
chronic disease. When later, judging from our experimental work and 
the clinical symptoms of patients harboring these organisms, it appeared 
that they might be of importance, vaccine therapy was attempted. 
Although we administered unusually weak dilutions,** they were of 
sufficient toxicity to produce severe reactions in many instances. Still 
weaker dilutions were then prepared, and the results were apparently 
favorable. Occasionally we encountered a patient who could not tolerate 
even the minute doses used. Some patients receiving vaccine therapy 
had cultures at intervals varying from several weeks to six months. 
Usually these continued to show the presence of coliform bacteria for 
at least the first six months of treatment. Frequently there was a change 
in the type found; e. g., a mucoid strain gave place to a nonmucoid 
variant. In several patients we studied the toxicity of the coliform 
strain harbored by them over a period of one to two years. We did this 
by injecting into rabbits a specified amount of the coliform strain isolated 
from each culture. There seemed to be a tendency for the strains to 
diminish in toxicity as treatment progressed and larger amounts of 
vaccine could be tolerated. In a number of instances the coliform 
bacteria disappeared entirely and the patient remained constantly free 
of the organism, as demonstrated by repeated cultures (table 4). In 


24. From a suspension of 1 billion organisms per cubic centimeter, thirty-eight 
consecutive dilutions were prepared. 














Taste 4.—Progress Noted During Vaccine Therapy of Infections of the Upper 
Respiratory Tract Due to Coliform Bacteria 








Miss G. A. 
Migraine, Endophthalmitis 
Both Eyes, Chorioretinitis 

Left Eye 


1/25/40: A. aerogenes in naso- 
pharynx; ++ iritis in 
rabbits; rabbits very 
ill and died in 24 hours 

3/30/40: A. aerogenes in naso- 
pharynx; ++ iritis in 
rabbits 

5/25/40: A. aerogenes in naso- 
pharynx; ++ iritis in 
rabbits 

9/21/40: A. aerogenes in naso- 
pharynx; + iritis in 
rabbits 

3/19/41: No coliform bacteria in 
nose or nasopharynx 


4/23/41: No coliform bacteria in 
nose or nasopharynx 


Result: Systemic and ocular im- 
provement coincident 
with disappearance of 
coliform bacteria 





Mrs. M. B. 
Hay Fever, Recurrent Epi- 
seleritis, Central Chorioretinitis, 
Bilateral Ethmoiditis 


6/ 2/37: A. aerogenes in right 
nostril; + iritis in 
rabbit 

11/27/38: No coliform bacteria 
in nose or naso- 
pharynx 

3/16/40: B. pyocyaneus in right 
eye 

1/ 7/41: No coliform hacteria 
in nose or nasopharynx 


Result: Eyes much improved 





Miss C. C. (Case 1) 
Uveitis Right Eye, Chronic 
Ethmoiditis on Right, Secondary 
Glaucoma Right Eye 


10/22/36: Cornell Research Lab- 
oratory—A. aerogenes 
in nasopharynx: no 
vaccine prepared 

10/30/36: Clinical Research Lab- 
oratory—A. aerogenes 
in nose; marked iritis 
in rabbits; vaccine 
prepared 

5/10/87: Use of A. aerogenes 
vaccine started 

9/25/39: B. proteus in nose and 
throat (office labora- 
tory); new vaccine 
prepared 

Result: Uveitis cured; eth- 
moiditis improved 


Mrs. McL. 


Grade III Angiosclerosis of 


Retinal Arteries with 
Hemorrhages, Chronic 
Ethmoiditis on Left 


11/17/38: A. aerogenes in 
nose; ++ iritis in 
rabbits 


9/ 4/40: Nonlactose fermen- 
ter in nasal mem- 
branes; mild + 
iritis in rabbit 


2/13/41: No coliform bac- 
teria in nose or 
nasopharynx 


Result: Some gradual im- 
provement in con- 
dition of sinuses 
and nasal mem- 
branes and in 
general health co- 
incident with dis- 
appearance of 
coliform bacteria, 
but more rapid im- 
provement from 
operation on 
septum 


Mr. J. H. 
Incipient Cataract Right 
Eye, Hypothyroidism, 
Chronie Sinusitis, 
Asthenopia 


9/26/39: A. aerogenes in 
nasopharynx 


8/ 6/40: Esch. coli in naso- 
pharynx 


12/ 9/40: No coliform bac- 
teria in nose or 
nasopharynx 


Result: Systemic improve- 
ment, decrease in 
postnasal drip, im- 
provement of 
asthenopia 





Mrs. S. K. 
Glaucoma (Chronic 
Secondary), Chronic 

Uveitis, Cataract 


10/ 5/39: Esch. coli in nose 


1/ 9/41: No coliform bac- 
teria in nose or 
throat 


Result: Uveitis improved 
and tension more 
easily controlled 


Mr. 6.. P. 
Chronie Endophthalmitis 
Both Eyes, Chronic Hyper- 
plastic Ethmoiditis, Retro- 
bulbar Neuritis, Depression 


12/ 2/38: Esch. coli in 
sputum and naso- 
pharynx 

4/12/39: Esch. coli in naso- 
pharynx 


11/ 7/39: Esch. coli in naso- 
pharynx 


6/14/40: Esch. coli in naso- 
pharynx; smaller 
number than usual; 
growth not as 
luxuriant 


4/23/41: No coliform bac- 
teria in nose or 
nasopharynx 

Result: Marked improve- 


ment in ocular and 
in general condition 


Miss B. W. 
Chronie Uveitis Right 
Eye, Beginning Complicated 
Cataract Right Eye 


9/13/39: B. proteus in nose 


9/18/40: A. aerogenes in 
nasopharynx; 
marked ++ iritis 
in rabbits 


4/16/41: B. proteus in nose 


Result: Attacks of uveitis 
less frequent and 
milder 


Mr. F. B. G. 
Endophthalmitis, Recurrent 
Conjunctivitis 


6/30/36: A. aerogenes in 
nasopharynx; +++ 
iritis in rabbits; 
very toxic for 
rabbits 


8/ 7/386: A. aerogenes in 
nasopharynx; +++ 
iritis in rabbits 


1/ 9/37: A. aerogenes in 
nasopharynx; ++ 
iritis in rabbits; not 
as toxic as form- 
erly 

1/ 7/39: A. aerogenes in 
nasopharynx; + 
iritis in rabbits; 
new vaccine pre- 
pared 

8/12/39: Esch. coli in naso 
pharynx; + iritis 
in rabbits 

1/10/40: No coliform bac- 
teria in nose or 
throat 

3/ 7/40: No coliform bacteria 

6/14/40: No coliform bacteria 


Result: General improve- 
ment 
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contrast, several patients to whom we were unable to administer q 
coliform bacteria vaccine because of severe reactions or other contra- 
indications retained the organism over a period of years. 

The diagnoses for the 102 patients harboring some coliform bacteria 
in the upper respiratory tract revealed the following facts: Intraocular 
infections comprised 68 per cent of the 102 diagnoses (table 5), 
Included in the group were some patients who also had cataract (108 
per cent). Only 3 per cent of the patients had cataract without intra- 
ocular signs of chronic inflammation. Extraocular disease was present 


TABLE 5.—Ocular Conditions Found in 102 Patients Harboring Upper Respiratory 
Tract Coliform Bacteria 








Number of 
Ocular Condition Patients Percentage 
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* Many of the patients had some extraocular disease. 


in 22.5 per cent of the patients, and 6.5 per cent of the diagnoses were 
indefinite, the patient’s symptoms apparently being unassociated with 
any specific disease of the eye (e. g. migraine). This high incidence 
of intraocular diseases is of interest, since many of these diseases are 
suspected of being infectious in origin, although up to the present 
coliform bacteria apparently have been ignored as one of the possible 
etiologic factors. 


In an early, considerably smaller series it appeared that the number 
of cases of cataract associated with coliform bacteria infection of the 
upper respiratory tract might prove significant. The present series, 
however, showed no significant difference. Cataract was present im 
13.7 per cent of 102 patients harboring upper respiratory tract coliform 
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bacteria, as compared with 18.1 per cent of 309 patients showing no 
such bacteria. 


Vaccine Therapy.—The results of vaccine therapy are obviously 
dificult to evaluate. The fact that some of the patients submitted to 
operation on the upper respiratory tract, that other forms of treatment 
were often included and that most diseases tend to improve spontane- 
ously all add to the difficulty. 


The following case histories are submitted as examples of the results 
of coliform bacteria vaccine therapy as observed by us. 


Case 1—RMiss C. C., aged 35, was first examined in September 1936. At that 
time she had retrobulbar neuritis of the right eye in addition to chronic uveitis of 
four months’ duration. This had begun with iritis, which had been treated. A 
Wassermann test of the blood, a blood count, urinalysis, a test of the basal metab- 
olism and roentgen examination of the sinuses and of the teeth showed no abnor- 
mality. A roentgenogram of the chest showed “spots of calcium density in the 
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Fig. 2.—The visual fields of Miss C. C. (case 1), aged 35, on Sept. 21, 1936 
(A, left eye; B, right eye). There was retrobulbar neuritis of the right eye, 
with chronic uveitis. 


left first and second interspaces anteriorly, suggesting old minimal tuberculous 
lesions. There was evidence of a little bilateral apical pleural thickening.” How- 
ever, an intradermal tuberculin test gave negative results. The vision of the right 
eye was 20/200 + 1 with pinhole vision of 20/70, and of the left eye, 20/20 with 
pinhole vision of 20/15. The tension of the right eye was 16 mm. and of the left 
eye 19 mm. when measured with a Schidtz tonometer. The central and peripheral 
fields of the right eye were markedly contracted (fig. 2). 

The medical history to the time of the first attack of iritis revealed nothing 
important except an operation in 1921, when the right middle turbinate was partially 
removed and a partial ethmoidectomy and a complete tonsillectomy were performed. 

At the time the patient was first seen by us, Dr. James Evans suggested that the 
physiology of the nose could be improved by infracture outward of both middle 
turbinates and removal of a small portion of the left middle turbinate. This opera- 
tion was performed, following an iridectomy and aspiration of the anterior chamber 
of the right eye. The aqueous was cultured and found to be sterile. 

Material for culture was taken from the upper respiratory tract and studied at 
two laboratories (Clinical Research Laboratory and Department of Pathology, 
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Cornell University Medical College). Both reported the presence of A. aerogenes, 
one strain of which was injected intravenously into rabbits, producing severe acute 
iridocyclitis. Toxic strains of Streptococcus viridans were also recovered from 
the nasopharynx. Separate vaccines were prepared from the aerobacter strain 
and from the streptococcus strains, and that from the latter was at first used for’ 
treatment. 

The patient had received nonspecific protein therapy before seeing us, and 
this was continued for a short time. In addition, an alkaline diet was instituted, 
thyroid in small doses and vitamin B complex were given and staphylolysin jn 
physiologic solution of sodium chloride was given intranasally. She was found to 
be allergic to hyoscine, duboisine and atropine. In spite of treatment, which 
included vaccine therapy, iridectomy and a nasal operation, she continued to have 
frequent severe attacks of iritis although there was improvement in her health, 
In May 1937 use of the streptococcus vaccine was discontinued and a test dose of 
the A. aerogenes vaccine given (0.05 cc. of decimal dilution 42). This was fol- 
lowed by severe acute iridocyclitis associated with a great deal of pain and 
intense nausea. Two months later a much weaker dose (0.01 cc.) of the same 
vaccine was given; doses were then given at weekly intervals, being increased 
slowly. Although by December 1937 there was a marked improvement in the 
uveitis, the attacks being less frequent and less painful, the vision had decreased 
to 1/200 in the right eye and was 20/15 in the left eye. From December 1937 until 
September 1939 there were only a few mild recurrences of iritis, which appeared to 
be associated with colds or nasal treatments. The exudate on the anterior part of the 
lens capsule had largely disappeared. When the patient was seen in 1939 there were 
no cells in the aqueous, the aqueous beam was invisible and the eye seemed free 
from inflammation. The vision had improved in the right eye to 20/100 with correc- 
tion and was 20/15 —1 in the left eye. Cultures of material taken from the nose and 
throat showed a growth of B. proteus. A vaccine of this organism was substi- 
tuted for the A. aerogenes vaccine. 

On May 19, 1941 the vision was 20/100 in the right eye and 20/15 in the left 
eye. Biomicroscopic examination revealed no signs of inflammation in either eye. 


Comment.—The uveitis in the right eye seemed to be unaffected by 
nonspecific protein therapy, nasal operation or use of a streptococcus 
vaccine. A small dose of A. aerogenes vaccine apparently caused a 
severe attack of uveitis. Improvement in the ocular inflammation 
coincided with the administration of smaller doses of A. aerogenes 
vaccine. There had been no attacks in two years until last winter, 


when the patient had a mild attack of iridocyclitis associated with 
influenza. 


Case 2.—Mr. H. B., aged 44, was first examined on April 21, 1938, at the 
suggestion of Dr. Harold T. Hyman. His chief complaint was failing vision. 
In the right eye this was accompanied with pain; in the left eye it was first 
noticed in 1928. The medical history included some sinus infection and migrainous 
headaches. He had received tuberculin therapy and foreign protein therapy for 
parenchymatous keratitis of the left eye, which developed in 1928 and finally 
resulted in loss of reading vision. A trephination with peripheral iridectomy had 
been performed on the left eye. 

A general physical examination gave negative results except to reveal a basal 
metabolic rate of minus 18, a positive intradermal reaction to tuberculin and a 
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chronic inflammation of the membrane in the right nostril; mucopus was obtained 
from the left antrum and there was a history of a diagnosis of chronic sinusitis 
in 1930. 

Vision in the right eye was 20/20 —2 and in the left eye 2/200. There was a 
dense opacity in the stroma of the right cornea in the upper temporal quadrant 
and in the pupillary area (fig. 3). In the left eye there was a diffuse opacity in 
the stroma of the cornea which obscured the view of the iris. On April 27, 1938 
the visual fields of the left eye showed a central scotoma and in the right eye a 
depressed area for a 1 mm. test object was observed in the upper ‘temporal 
quadrant. 

















Fig. 3.—Changes in the opacity in the stroma of the right cornea in case 2. 
A, diffuse haze over the upper part of the right cornea, extending from 2 to 
8 o'clock. There were centrally located irregularly rounded grayish opacities in 
the corneal stroma. B, central infiltrations were absent (Sept. 9, 1938). There 
was one area in the upper temporal quadrant with blood vessels extending deep 
into it. A deep type of sclerosing keratitis was present. Vision was 20/15, and 
the near point of accommodation was 180/300. C, there was one small hemor- 
thage. The vessels visible before were not seen, but there was dense infiltration 
in the pupillary area. D, on Oct. 17, 1939 vision was 20/15. E, on November 6 
there was dense infiltration in the pupillary area. Vision was 20/70. F, on May 
23, 1941 vision with correction was 20/40, with pinhole vision of 20/30. The 
near point of accommodation was 130/500. 
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In 1938 Dr. H. T. Hyman and Dr. R. Kramer believed the sinuses normal, 
On Feb. 20, 1939 chronic hyperplasia of the membrane in the left antrum was 
diagnosed. A culture of exudate from the maxillary sinus by Dr. Kramer revealed 
Staphylococcus aureus and Esch. coli. A vaccine was prepared and administered 
by Dr. Hyman. 

On April 10 a bilateral ethmoidectomy and sphenoidectomy and a Caldwell- 
Luc operation on the left antrum were performed by Dr. Kramer. Colon baciffj 
and staphylococci were observed in a culture of material taken at the time of 
operation. 

On June 8 cultures of specimens from the nasal membranes on the right side 
showed Esch. coli and toxic Staph. aureus. When injected intravenously into 
rabbits the Esch. coli strain produced a 2 plus iritis which persisted for forty- 
eight hours. Toxic staphylococci but no streptococci toxic according to in vitro 
tests were found in a culture of nasopharyngeal secretion taken on the same day, 

On June 12 a culture of exudate from the right ethmoid sinus showed a non- 
lactose fermenter (probably a degenerate strain of Esch. coli). When injected 
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Fig. 4.—The visual field of the right eye of Mr. H. B. (case 2), aged 44, on 
Nov. 8, 1940. The diagnosis was parenchymatous keratitis and _ retrobulbar 
involvement of the optic nerve. 


into rabbits this strain produced only a mild iritis which had appeared in six 
hours and had subsided entirely in twenty-four hours. 

On Jan. 17, 1940 Dr. Hyman said: “I think the improvement in Mr. B.'s 
eyes phenomenal. He is still being given the colon bacillus vaccine.” 

On May 17 the patient accepted a correction for the right eye of —0.25 D. 
sph. + 1.00 D. cyl., axis 120; vision was 20/20. 

On June 20 Dr. Hyman said, “I think that we can now unreservedly express 
ourselves as having collaborated in the production of a sort of minor miracle.” 

On October 29 a cold developed which lasted for seven weeks, during which 
time the vision was only slightly affected, mainly by mild retrobulbar neuritis. 
A culture by Dr. Kramer of material from the right antrum showed nonhemolytic 
streptococci and Staph. aureus (fig. 4). 

On Feb. 10, 1941 a culture of secretion from the right nostril showed mucoid 
coliform bacteria (K. pneumoniae), which produced a marked 3 plus iritis in 
rabbits in four hours that was severe 2 plus iritis in twenty-four hours. The 
patient had a marked central corneal opacity in the right eye after a severe 
flare-up of his chronic sinusitis. 
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On March 26 Dr. Hyman said: “Dr. J. Felsen reported B. mucosus capsulatus 
(K. pneumoniae ) and a nonhemolytic streptococcus in a culture of material from 
the sinus. A new vaccine was prepared.” 

On April 8 a culture from the conjunctival membrane showed coliform bacteria 
of intermediate type. A 1 per cent ointment of sulfadiazine (2-[paraaminobenzene- 
sulfonamido]-pyrimidine) was prescribed for the eyelids. 


On May 6 cultures of ocular and nasal secretion showed a pure growth of 
coliform bacteria of the same type as those found on April 8. 


Comment.—Although H. B. is not free from parenchymatous kera- 
titis he did show an improvement while undergoing vaccine therapy for 
the infection due to coliform bacteria, in that the corneal opacities in the 
substantia propria in the pupillary area completely disappeared on four 
occasions. Two ophthalmologists had said that the opacities in the 
pupillary area were permanent, and we had feared that they were, as we 
had never seen such dense opacities disappear completely and the history 
of the left eye was discouraging. 

General treatment included the use of grenz rays, tuberculin therapy, 
vitamin therapy, chemotherapy and foreign protein therapy. General 
treatment by Dr. Hyman, which included the administration of 3 Gm. 
of sulfathiazole (2-[paraaminobenzenesulfonamido]-thiazole) every four 
hours the first day and 1 Gm. every four hours for four days thereafter, 
seemed to be less effective than nasal treatment and operation combined 
with vaccine therapy. What stands out most prominently is the per- 
sistence of the coliform bacteria in the sinuses and the possibility that 
they may be a cause of the keratitis. It should be noted that in the 
last attack, which was the worst, we obtained a strain of coliform 
bacteria that was more toxic for rabbits than any of the strains previ- 
ously tested. We have discovered that the lake in which the patient 
swims is heavily infected with Esch. coli. 

Case 3—Mr. S. L. P., aged 46, was first examined on Dec. 5, 1930. Diag- 


noses of chronic endophthalmitis and retrobulbar neuritis were made. On Decem- 
ber 9, 1938 a diagnosis of chronic hyperplastic ethmoiditis was made by Dr. 
S. L. Craig. 

The chief complaints were twitching of the left lower eyelid, failing of distant 
vision, burning of the eyes, lacrimation and the floating of spots across the page 
during reading. The patient felt that there was a film over his eyes that could 
be pushed away. 

The medical history included removal of the tonsils, constipation, almost con- 
stant headaches, devitalization of several teeth, chronic catarrh (postnasal drip) 
and recurrent attacks of depression. 

The vision with correction for compound myopic astigmatism fluctuated between 
20/15 and 20/30. 

The tension was 17 mm. in both eyes as measured with a Schiétz tonometer, 
and at no time was it higher than normal. 


The central fields exhibited temporary recurrent relative central scotomas for 
green and blue when the sinuses were most troublesome. 
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On April 16, 1931 the general physical findings included low grade hyper. ae 


plastic ethmoiditis and sphenoiditis (Dr. R. T. Atkins). Dr. G. S. Dixon reporteg: 
“The ethmoid sinuses are broad and cloudy, especially the left. The region of the 
sphenoid sinus is highly developed and irregularly cloudy.” 

A culture of nasopharyngeal secretion revealed Str. viridans, Streptococcus 
communis, Micrococcus tetragenus and diphtheroid bacilli. From these organisms 
a vaccine (2 billion per cubic centimeter) was made and sprayed intranasally, 
Treatment at this time included use of ethylmorphine hydrochloride, use of infra- 
red light, colonic irrigations, extraction of a tooth, application of phenolized oil to 
the nasal membranes, use of hot compresses and additional local nasal treatment, 

In December 1938 the patient had severe attacks of melancholia and the vision 
was badly blurred (mild retrobulbar neuritis). He was exceedingly tense and 
coughed a great deal. 

A culture of material from the nasopharynx showed many colon bacilli and 
nontoxic streptococci. A culture of the sputum revealed many colon bacilli and 
toxic streptococci. A culture of feces showed a greatly decreased number of 
colon bacilli (200)?5 and a moderate number of fairly toxic streptococci (Str, 
viridans). 

A vaccine was prepared from the colon bacilli from the upper respiratory 
tract. The first dose consisted of 0.03 cc. of no. 42 dilution, and its administra- 
tion was followed almost immediately by a marked beneficial ocular and general 
response. The patient continued the vaccine therapy and continued to improve, 

Chemical examination of the blood at that time showed a somewhat high con- 
tent of uric acid and of chlorides. The white cell count was high at all times, 
ranging from 9,990 to 13,400. Otherwise the blood was normal. The urine 
showed occult blood with a great deal of mucus. The sedimentation rate and the 
basal metabolism rate were normal. 

On April 12, 1939 a culture of secretion from the nasopharynx showed toxic 
staphylococci (Staphylococcus albus), nonpathogenic streptococci and many colon 
bacilli. On April 20 staphylococcus toxoid was administered. On May 5 the con- 
dition of the nose had improved. On November 7 a culture of nasal secretion 
revealed toxic staphylococci (Staph. albus) and a culture of material from the 
throat, many colon bacilli and toxic streptococci. A culture of the feces revealed 
an abnormally low count of colon bacilli. On November 30 treatment with strep- 
tococcus and staphylococcus vaccine was started, this vaccine being administered 
alternately with the colon bacillus vaccine. 

On Feb. 13, 1940 the patient was having a severe reaction to each injection of 
the streptococcus and staphylococcus vaccine and therefore was told to discon- 
tinue using it but to continue using the colon bacillus vaccine. 

On June 14 a culture of material from the nasopharynx showed toxic strep- 
tococci and a few colon bacilli, which grew less abundantly than previously. 

On April 23, 1941 colon bacilli could no longer be cultivated and use of the 
vaccine was discontinued because the patient’s eyes and general condition were 
greatly improved. 


Comment.—A patient with endophthalmitis, retrobulbar neuritis, 
chronic ethmoiditis and recurring attacks of depression was treated with 
staphylococcus and streptococcus vaccine, colon bacillus vaccine, reme- 
dies applied locally to the sinuses, infra-red light, hot baths and massage, 
bile salts, acidophilus milk, saline solution in subconjunctival injec- 


25. Normal is from 50,000 to 100,000 colon bacilli per dry gram. 
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tions, Visyneral, neosynephrin, a preparation of zinc, ethylmorphine 
hydrochloride, vitamins and a low starch diet. The endophthalmitis, 
headaches, disturbance of vision and depression apparently were bene- 
fited more by the vaccine of coliform bacteria than by other remedies. 


Case 4—Mrs. W. T. D., aged 29, was first examined on April 29, 1938. Her 
chief complaints were that she was tired after reading and attending the theater 
and had much burning and other irritation of the eyes. There was a history of 
sensitivity to sea food, inflammation of the nasal membranes and postnasal dis- 
charge. A diagnosis of superficial punctate keratitis was made. 

The vision with correction was 20/20+2 in the right eye and 20/15 in the 
left eye. 

On July 19, 1939 a culture of nasal secretion showed a moderate number of 
gerobacters (A. aerogenes). A culture of material from the nasopharynx showed 
Bacillus pyocyaneus and A. aerogenes. Chronic bilateral hyperplastic ethmoiditis 
was diagnosed by Dr. F. M. Law and Dr. Otto M. Schmidt. 

The patient had recurring attacks of fever with superficial punctate keratitis 
and retrobulbar neuritis, with great pain from a sphenopalatine ganglion syn- 
drome which had apparently been associated with chronic sinusitis for three years. 

She was not benefited by treatment with various local antiseptics, metaphen, 
autogenous coliform bacteria vaccine, streptococcus and staphylococcus vaccine 
and sulfanilamide or by Proetz’s displacement treatment, colonic irrigations, typhoid 
inoculations and other nonspecific injections, 

She could not tolerate the smallest dose of vaccine of coliform bacteria, strep- 
tococci or staphylococci. Her vision decreased to 10/100 in the right eye and 
10/30 in the left. 

During a prolonged stay in Florida in 1939 the vision improved to 20/50 in 
the right eye and 20/25 in the left eye coincidentally with improvement in the 
nasal symptoms and abatement of the fever. When the condition recurred in 
1940 treatment was tried in New York for several months before the patient was 
sent to Phoenix, Ariz., where the condition of the sinuses improved, the tem- 
perature became normal and the vision gradually returned to 20/25 in the right 
eye and 20/20 in the left eye. Immediately on her return to New York the fever 
recurred, the disease of the sinuses flared up and the eyes became affected. The 
cultures of nasopharyngeal secretion still revealed A. aerogenes. 


COMMENT AND SUMMARY 


Coliform bacteria isolated from the upper respiratory tract of patients 
with certain inflammatory diseases of the eye were studied for their 
possible etiologic role. It had previously been observed that these 
organisms produced uveitis and were highly pathogenic for the rabbit 
(particularly for the uveal tissue). Furthermore, it had been observed 
that coliform bacteria were recovered on repeated cultures from the 
upper respiratory tracts of many patients with serious inflammation of 
the uveal tract. 

We have been unable to furnish and we have been unable to find 
statistics on the incidence of coliform bacteria in the upper respiratory 
tracts of persons presumed to be free from disease. It is obvious that 
knowledge concerning cultures of material from a group of normal sub- 
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jects might be of value if it were possible to be sure that the subjects 
were free from disease. 

Since the classification of these bacteria is unsettled, Parr’s sugges- 
tion has been used, namely that the following organisms be grouped 
under the term coliform bacteria: the Klebsiella genus, A. aerogenes, 
typical and atypical strains of Esch. coli, Morgan and paracolon bacilli, 
Esch. freundii, Shigella, Eberthella, Salmonella, A. cloacae and Proteys, 

As many varieties of these organisms were encountered in the upper 
respiratory tract as in the intestinal tract, though the proportion of 
mucoid and atypical strains was higher in the upper respiratory tract, 
Of 120 cultures of exudate from the upper respiratory tract, 29.2 per 
cent showed typical strains of Esch. coli and 70.8 per cent showed 
atypical strains of Esch. coli, paracolon bacilli, Proteus or B. pyocyaneus, 
Of 128 fecal strains 62 per cent were typical Esch. coli and the remaining 
28 per cent were miscellaneous types of coliform bacteria. 

With regard to the toxicity of coliform bacteria for animals, the 
pathogenicity of certain members of this group in diseases of the intes- 
tinal tract is well known. Coliform bacteria have been suspected of 
being the cause of a number of other diseases of animals. Ten Broeck 
expressed the opinion that they are often secondary invaders which 
complicate infection and in this way take the place of streptococci in the 
diseases of man. As early as 1911 Guillery reported that uveitis devel- 
oped in rabbits from the intravenous injection of filtrates of “ferment- 
producing” organisms, and in 1916 Woods produced “chronic infiltrative 
uveitis” with B. prodigiosus, an organism somewhat similar to the 
coliform bacteria. 

In previous experiments transitory acute iritis was produced in rab- 
bits by intravenous injection of coliform bacteria recovered from the 
upper respiratory tract with smaller amounts of culture and with a 
higher proportion of strains than when other types of bacteria ordinarily 
found in the upper respiratory tract were used. Bacteria-free filtrates 
produced the same degree of inflammation as that caused by the original 
cultures. In general the coliform bacteria isolated from the upper 
respiratory tract were found to be more lethal and to possess a greater 
iritis-produting ability for the rabbit than fecal coliform strains. 

Except in the case of certain known intestinal pathogens and of acute 
diseases in which coliform strains have proved to be the causative agent, 
attempts to establish the pathogenicity of coliform bacteria for man are 
difficult. 

The difficulties in establishing pathogenicity of an organism in indi- 
vidual patients with intraocular inflammation seem to be almost insut- 
mountable at present, and one must depend mainly on clinical and on 
usual cultural studies, with their lack of certainty in proving a definite 
etiologic diagnosis. The results of cutaneous tests are believed to beat 
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little relation to the presence of infection, although they may possibly 
be used as a quantitative measure of acquired immunity to coliform 
bacteria, since the reaction tends to diminish with vaccine therapy. 

The results of agglutination tests are also of questionable significance. 
The ability or inability of a patient’s serum to agglutinate an autogenous 
coliform strain seems to give little indication as to its etiologic 
importance. 

The pathogen-selective method is also deemed unsatisfactory for 
determination of the etiologic importance of coliform bacteria. 

Complement fixation reactions lack specificity, even though there is 
a general positive correlation between the complement-fixing properties 
of unheated blood serum and the electrophoretic mobility of fecal colon 
bacilli isolated from the person from whom the blood was obtained. 
Cross fixation, difficulty in titrating and preserving antigens, variability 
in anticomplementary properties of different blood specimens and the 
lack of complement-fixing power of the blood in certain diseases pre- 
vented the successful application of complement fixation tests. 

Bacteriologic studies of material from one or more suspected foci in 
the upper respiratory tract were made for 411 patients. Of these, 102 
patients harbored coliform bacteria in one or more of the foci; of this 
group, 68 per cent had some intraocular disease. 

Autogenous coliform bacteria vaccines were used in treating certain 
patients with ocular inflammations associated with the presence of these 
organisms in the upper respiratory tract. In many instances in which 
vaccine therapy was associated with partial or complete elimination of 
coliform bacteria from the upper respiratory tract, there was a noticeable 
improvement in the general and the ocular condition. Four cases are 
reported in detail. Nine cases are outlined (table 4) to show the 
changes in the bacterial flora of the upper respiratory tract in patients 
undergoing vaccine therapy. 

CONCLUSIONS 

1. Serious ocular disease is often associated with the presence of 
coliform bacteria in the upper respiratory tract. 

2. Elimination of these microbes from the upper respiratory tract, in 
which vaccine therapy seemed to be a factor, was associated with 
improvement and sometimes with cure of certain inflammatory ocular 
diseases. 

3. Coliform bacteria from the upper respiratory tract should be given 
consideration in the search for possible etiologic agents in some chronic 
and inflammatory ocular diseases. 


Dr. Sidney Rothbard and G. H. Chapman gave constructive criticism. 


35 East Seventieth Street. 
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ABSTRACT OF DISCUSSION 


Dr. Peter C. KronFELD, Chicago: In many instances of uveitis jt 
is impossible to arrive at a definite etiologic diagnosis. Nevertheless, 
it is the ophthalmologist’s duty not to overlook any hint or clue to the 
proper treatment. This is the idea underlying Dr. Berens’ work. At no 
place in his paper does he claim to have proved the etiologic significance 
of the coliform bacteria recovered from the upper respiratory tracts of 
his patients. He has, however, presented evidence that the ophthalmol- 
ogist should include a search for such micro-organisms in the treatment 
of patients with chronic uveitis. 

The group of cases presented by Dr. Berens appears at first glance 
rather heterogeneous. ‘Three cases were of chronic or recurrent retro- 
bulbar neuritis with definite sinus disease. To take measures against 
characteristic micro-organisms recovered from the nose in such cases 
appears to be a sound clinical procedure. 

Dr. Berens’ series contains 4 cases of chronic uveitis of a type that 
practically always presents serious diagnostic and therapeutic problems. 
The patients seem to have derived definite benefit from the treatment 
with a vaccine prepared from coliform micro-organisms, a benefit which 
appears to have been greater than that from any other form of treatment. 

Dr. Berens has pointed out a new and promising way of treating 
chronic ocular inflammation. It is to be hoped that this first small series 
of cases will soon be followed by a larger and more homogeneous series. 


Dr. Joun A. Toomey, Cleveland: Many patients ill with ocular 
infections are admitted to contagious disease hospitals, and many patients 
already in such hospitals acquire ocular infections of various kinds. 
Therefore, the underlying cause—whether viral or bacterial—is impor- 
tant to persons working with communicable diseases. 

Dr. Berens has been interested in the effect coliform organisms have 
on uveal tissue. He has often found typical Esch. coli organisms in the 
upper respiratory tract, and he has tried to demonstrate that these are 
more toxic than the fecal strains of the same organism. Perhaps the 
activity of the latter had been modified by some phage activity, which is 
apt to be present in material from fecal sources. 

The coliform bacteria mentioned by Dr. Berens cause diseases in 
animals, such as mouse typhoid, scours, etc. Years ago Ecker, Goldblatt 
and Biskind demonstrated the pathogenicity of enteric organism filtrates. 
It is interesting to note that ocular conditions may be caused by such 
filtrates, although I imagine Dr. Berens would not want to state that an 
etiologic association has been definitely proved. 

I have not identified every gram-negative organism found in the 
routine cultures of material taken from the nose and throat in the institu- 
tion with which I am associated, but practically all such cultures show 
coliform organisms. I wonder whether it is possible ever to render the 
nose and throat free from Esch. coli. I agree with Dr. Berens’ estima- 
tion of the value of the history as it pertains to the skin, of agglutination 
tests and of complement fixation tests. Immunologic therapy is difficult 
to evaluate, even though the results in some patients are striking. 

Many years ago I was able to isolate coliform bacteria as well as 
other organisms from the nares and throats of patients with asthma of 
bacterial origin. Individual cultures of each bacterium were made 
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in dextrose broth; the growth was filtered through a W filter, scraped 
away and killed, and the organisms were saved. It was found that intra- 
dermal injection of the filtrate always caused more positive reactions 
than injection of a suspension of the dead organisms and that a com- 
bination of the flora and the filtrate gave a still greater reaction than 
the filtrate of the individual organism. When the combined flora antigen 
vaccines were first used they caused an attack of the specific disease, i. e. 
asthma. This was Dr. Berens’ experience, too, but in his case the 
specific disease was uveitis. 

Has Dr. Berens had any comparable results with typhoid fever 
vaccine ? 


Dr. ConraD BERENS, New York: I appreciate the discussion and 
am delighted that Dr. Kronfeld has emphasized the point that we do not 
believe this paper proves the etiologic significance of coliform bacteria 
in diseases of the eye. 

He has .also pointed out even more clearly than we have that 
apparently there is a striking association between the improvement in 
the ocular condition and the change in the type of organism found, in the 
way that this organism would affect animals and the patient’s general 
improvement. We tried all accepted forms of treatment: chemotherapy, 
the use of grenz rays, roentgen therapy and many other measures. 
Naturally vitamins had to be considered in these days of a vitamin 
“cure” for every disease. 

We often used inoculations with typhoid fever vaccine, mentioned 
by Dr. Toomey, and 1 patient with retrobulbar neuritis had been given 
several courses of typhoid fever therapy without apparent benefit before 
we treated her. 
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RETINAL PHLEBOSCLEROSIS 


GLEN GREGORY GIBSON, M.D. 
AND 
LAWRENCE W. SMITH, M.D. 
PHILADELPHIA 


It is our impression that during the past few years we have been 
encountering more patients in whom we can observe changes which 
suggest sclerosis of the retinal veins. Attempts to classify these changes 
adequately have been difficult because material for a combined ophthalmo- 
scopic and microscopic study is rarely available. In this paper we have 
attempted to approach the problem of the classification of retinal phlebo- 
sclerosis, combining clinical and microscopic evidence, although to some 
extent it has been necessary to rely on inference rather than on proof, 

In view of the fact that the venous changes to which we refer resemble 
in some ways the changes observed in retinal arteriosclerosis, we haye 
assumed that they are due to retinal phlebosclerosis. The rather frequent 
observation of venous sclerosis in microscopic retinal sections makes this 
assumption somewhat more justifiable. That the venous and the arterial 
lesions do not appear identical is evident for anatomic, physiologic and 
pathologic reasons. Since retinal phlebosclerosis is rather rare and since 
it does not have the diagnostic significance associated with retinal 
arteriolar sclerosis, it has received relatively little consideration in the 
literature. Recently O’Brien and Allen’ called attention to venous 
sclerosis in association with diabetes, and they and their discussers 
expressed a desire for more work on the unsettled relation between the 
two conditions. 

TYPES 


The three main types of retinal venous lesions which we have encoun- 
tered and have classified as phlebosclerosis, as seen ophthalmoscopically, 
are dependent on whether the process is initiated within the lumen, within 
the wall or outside the wall of the vein. Lesions in which the process 
starts within the lumen are classified as the intimal type and are recog- 
nized only after venous thrombosis and fibrosis have occurred. Lesions 


From the Departments of Ophthalmology and Pathology, Temple University 
School of Medicine. 

Read before the Section on Ophthalmology at the Ninety-Second Annual 
Session of the American Medical Association, Cleveland, June 4, 1941. 


1. O’Brien, C. S., and Allen, J. H.: Unusual Changes in the Retinal Veins, 
Arch. Ophth. 24:742 (Oct.) 1940. 
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of the medial type are recognized when the sclerotic process in the wall of 
the vein becomes sufficiently severe to produce indentations in the lumen 
and changes in the contour of the vein. Lesions of the adventitial type 
are recognized after the subsidence of perivenous inflammation or edema, 
when resultant connective tissue ensheathes the vein. 


DESCRIPTION 


The intimal type of sclerosis occurs after thrombosis in veins in which 
the circulation is not reestablished. The vein appears white and fibrous 
peripheral to the thrombosis. The contour of the vein, however, is 
smooth (fig. 1 4). The minimal degree of the medial type of sclerosis 
appears as a slight beading of the vein. There are usually numerous 
not quite regularly spaced indentations, or constrictions, of the venous 





Fig. 1—A, post-thrombotic intimal sclerosis associated with hypertension. The 
patient had cardiovascular-renal disease. (From Smith, L. W.; Weiss, E.; Lillie, 
W. 1; Konzelmann, F. W., and Gault, E. S.: Cardiovascular-Renal Disease, New 
York, D. Appleton-Century Company, Inc., 1940.) B, early medial venous sclerosis 
associated with diabetes in a nonhypertensive patient. The condition progressed 
to complete occlusion of all the veins. 


wall which encroach slightly on the normal lumen of the vein. Between 
these focal constrictions are areas of slight dilatation. At this stage it is 
unusual to find evidence of venous obstruction, such as hemorrhages or 
exudate (fig. 1 B). 

In the more advanced stages the beading becomes obvious and the 
course of the vein is deflected to produce sharp-angled kinks and 
tortuosities (fig. 2). Occasionally the venous wall becomes visibly thick- 
ened. Disturbances of circulation are the rule with this degree of involve- 
ment, and thrombosis, infarction, fibrosis and thickening of the retina 
may be encountered subsequently. Unlike the intimal type, which is 
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usually limited to one vein, the medial type frequently involves all the 
retinal veins. However, in a case of bilateral diabetic retinopathy, 
advanced retinal phlebosclerosis was present in all the veins of one eye, 
and the veins in the other eye were grossly normal. 

The adventitial, or secondary, type of phlebosclerosis (fig. 3) is pro- 
duced by perivenous inflammation or edema, and there is usually residual 
evidence of this to assist in the diagnosis. The venous changes are 
usually limited to the area of inflammation and are characterized by a 
white connective tissue sheath around the vein. 

Two of our patients, a woman of 27 (fig. 1 B) and a man of 31, each 
of whom had a family history of diabetes, was known to have had 
diabetes for several years and needed less than 25 units of insulin daily, 
presented early bilateral retinal phlebosclerosis. In spite of extensive 





Fig. 2.—A, medial venous sclerosis and diabetic retinopathy associated with 


hypertension. 8B, medial venous sclerosis and diabetic retinopathy associated with 
hypertension. 


diagnostic and therapeutic procedures the veins became progressively 
sclerosed, producing multiple thrombi and hemorrhages in the retina. 
Later bilateral massive hemorrhage of the vitreous occurred. <A year 
later the hemorrhages had been absorbed but the sclerosis persisted, the 
retinas were extremely thickened and detachment of the retina had 
occurred in the man and severe secondary glaucoma in the woman. 
These patients had slowly progressive retinal phlebosclerosis of the 
medial type terminating in complete loss of the visual function. 


INCIDENCE 


Retinal phlebosclerosis is relatively rare. Most patients with hypet- 
tensive or diabetic retinopathy do not show evidence of this condition. 
Frequently the changes are so mild that unless one is searching for the 
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condition it is easily overlooked. We have estimated that in the past five 
years we have noted about 20 cases in which sclerosis of the veins was 
suspected or diagnosed. 

ETIOLOGY 


The causation of venous sclerosis has much in common with that of 
arterial sclerosis and likewise is somewhat obscure. It seems fair to con- 
clude that the intimal type of venous sclerosis, which is usually associated 
with chronic hypertensive arteriosclerosis, has a similar causation. 
More rarely it accompanies thromboangiitis obliterans, as reported by 
Wagener,” or follows endophlebitis obliterans, as reported by Verhoeff.* 

‘We have seen the most advanced degree as well as the most progres- 
sive form of the medial type of venous sclerosis in patients who had 
diabetes mellitus. Patients in whom both diabetes and hypertension 





Fig. 3.—Adventitial type of venous sclerosis (postinflammatory). 


are present seem to be more prone to acquire sclerosis of the retinal 
veins. The role of diabetes and that of venous disease were discussed 
and the venous lesions of diabetes described by Wagener, Dry and 
Wilder * in 1934. It is our impression that the medial type of venous 
disease associated with diabetes is metabolic in origin and is not produced 
by the retinopathy. That this venous disease, however, may lead to 
retinitis proliferans has been pointed out. In all the retinal veins in 


the affected eye of a young woman who had a traumatic arteriovenous 


2. Wagener, H. P.: Differential Diagnosis and Types of Retinitis, Instruc- 
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aneurysm between the common carotid artery and the cavernous sinus 
we observed a marked medial sclerosis which was probably due to the 
resultant increased intravenous pressure. 

To some extent it is the duration of the disease and not the age of the 
patient which determines the presence of phlebosclerosis. Most writers 
on diabetic retinitis express the opinion that there exists a similar relation 
between the retinitis and the duration of the diabetes. It is suggested 
that further study on the causes of venous sclerosis may be of some 
assistance in the study of the causes of arteriosclerosis. 


DIFFERENTIAL DIAGNOSIS 


Several conditions have to be differentiated from true phlebosclerosis, 
The first of these is the presence of excess glial tissue around the disk, 
Such gliosis is not restricted to the perivenous tissues but is found 
likewise around the arteries. The gliosis is most marked at the disk, 
produces no vascular deformity, has a characteristic waxy appearance 
and diminishes in amount along the vessels progressively from the disk 
toward the periphery of the fundus. 

Another condition which warrants mention is the presence of con- 
genitally atypical veins. These may be recognized by their larger size, 
their atypical distribution and their anomalous branching pattern. Some- 
times they are beaded, but they are never associated with circulatory 
disturbance in spite of such obvious abnormalities. An anomalous - 
arterial tree usually accompanies congenitally atypical veins. 

Another condition, described by Edward Thomas,* which has to be 
differentiated is the slight venous beading frequently produced peripheral 
to a partial occlusion of the vein by an arteriosclerotic artery at the point 
of arteriovenous crossing. It is also necessary to differentiate the bead- 
ing and the perivenous leukocytic infiltrates of leukemia, which simulates 
phlebosclerosis. 

PATHOLOGY 


O’Brien and Allen, discussing the retinal venous changes associated 
with diabetes, commented on the occasional occurrence of beaded vari- 
cosities in patients with long-standing, poorly controlled diabetes and 
arteriosclerosis. One of their patients, a man aged 65 with a fifteen 
year history of diabetes, had a blood sugar content of 447 mg. per 
hundred cubic centimeters and a blood pressure of 170 systolic and 110 
diastolic. At autopsy sclerosis of the retinal veins was observed, with 
variations in the thickening of the walls corresponding .to the beading 
of the veins noted clinically with the ophthalmoscope. This was in addi- 
tion to advanced arterial lesions and the changes of typical diabetic 
retinitis. 


5. Thomas, E., in discussion on O’Brien and Allen.1 
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Agatston ° in a preliminary report confirmed the existence of sclerotic 
yenous lesions and of their frequency in diabetic persons. He described 
fibrosis of the intima, with separation of the longitudinally directed 
fibrils and even complete hyalinization of the walls. The process, he 
noted, extends to involve the venules and the capillaries. 

Retinal material for microscopic proof of our clinical diagnoses has 
not been available ; however, through the courtesy of the Army Medical 
Museum we have had an opportunity to study sections of the retina 
from 7 diabetic patients. Definite sclerotic changes in the retinal veins 
of one of the specimens can be demonstrated. Earlier changes of the 
medial type are fairly weil established in a second. No phlebosclerotic 
changes are present in the other 5. Under the microscope, in the con- 
stricted areas the veins show proliferation of the lining endothelial cells, 
thickening of the wall and a variable amount of accompanying hyaline 
degeneration. In several places degeneration of the lining endothelium 
suggests some circulating toxic agent as a probable etiologic factor. 
O’Brien and Allen* and Agatston*® have made the same comment, 
Agatston suggesting that “while the presence of hyperglycemia may be 
responsible for metabolic changes in arterial walls, the effect is even more 
specific on capillaries and veins.” 

In this connection it is interesting that the most marked retinal 
phlebosclerosis seems to occur in cases of rather mild, long-standing 
diabetes rather than in cases in which the blood sugar content is espe- 
cially high. This suggests that it is not the hyperglycemia which is 
responsible for the vascular changes but rather an alteration in some 
other metabolic product resulting from the disturbance in carbohydrate 
metabolism. 

In addition to the 7 retinal specimens from persons with diabetic 
retinitis, we have studied 100 microscopic retinal specimens from the 
collection of the Army Medical Museum. These represent a fair cross 
section of ophthalmic disease. Ninety-six are entirely negative so far 
as the medial type of phlebosclerosis is concerned. However, several 
show venous lesions in association with extramural disease of various 
kinds, including the dilatation accompanying leukemic infiltration and 
hemorrhages related to retinitis of different types. 

In the remaining 4 specimens varying degrees of the medial type of 
phlebosclerosis were found. Two of the cases are listed as instances of 
diabetes, and on checking against the 7 previously studied retinal 
specimens from diabetic persons we found that 1 (no. 40413) was 
duplicated in the loan collection. Thus, of a total of 8 retinas from 
persons known to be diabetic, 2, or 25 per cent, show demonstrable 





6. Agatston, S. A.: Clinicopathologic Study of Diabetic Retinitis, Arch. Ophth. 
24:252 (Aug.) 1940. 
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Fig. 5—Mild retinal phlebosclerosis associated with diabetes. 
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yenous sclerotic lesions. The third specimen is from a hypertensive 
patient who had shown in addition to the phlebosclerosis moderately 
advanced arteriolar sclerosis. The fourth is from a 70 year old man 
with chronic glaucoma who had had an iridectomy shortly before death. 
The venous changes are minimal, and the picture is complicated by a 
thrombus of the retinal vein. 


Finally, we had the opportunity of studying at autopsy the retina of 
a 50 year old hypertensive woman with mild diabetes. During the last 
few months of life she had had malignant hypertension as the acute, 
terminal phase of long-standing hypertension, with a blood pressure 

















Fig. 6.—Retinal phlebosclerosis associated with hypertension and diabetes. 


averaging 250 systolic and 150 diastolic. On her admission to the hos- 
pital the sugar content was 165 mg., the urea content 86 mg. and the 
creatinine content 14.6 mg. per hundred cubic centimeters of blood. 
Autopsy revealed a heart with typical concentric ventricular hypertrophy 
on the left, small red granular kidneys and a small fibrotic pancreas. 
Microscopically the diagnosis of malignant nephrosclerosis was estab- 
lished through the presence of hyaline necrosis of the glomerular 
arterioles and typical hyperplastic arteriolar sclerosis. In the pancreas, 
many of the islands of Langerhans were partially hyalinized and fibrosed. 

Sections of one eye revealed advanced disease of the retinal 
arterioles. In addition, moderate phlebosclerosis of the medial type was 
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found. In this case the phlebosclerosis should be interpreted perhaps as 
having developed as a result of a combination of the hypertensive and 
the diabetic processes. 


We wished to study veins from other organs and tissués of diabetic 
persons to see whether medial sclerosis occurs with significant frequency 
elsewhere thari in the eye. Accordingly we reviewed autopsy tissue 
from 3 diabetic persons. No lesions of corresponding magnitude were 
noted, although occasional veins were encountered which might be con- 
sidered to show the type of pathologic change under discussion, 
Warren * in his monograph on the pathology of diabetes mentioned no 











Fig. 7.—Sclerosis of the vortex vein in a patient with severe hypertension, mild 
diabetes and severe glaucoma. 


venous disease except a secondary phlebitis and lymphangitis resulting 
from the extension of the gangrenous process accompanying arterial 
disease in the extremities. 

SIGNIFICANCE 


Retinal phlebosclerosis is of some diagnostic significance in occasional 
cases of diabetes, arteriosclerosis, thromboangiitis obliterans and retinal 
inflammation. We are under the impression that it is increasing in 
frequency because of the longer life of the diabetic person today. 


7. Warren, S.: The Pathology of Diabetes, ed. 2, Philadelphia, Lea & Febiger, 
1938. 
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Ordinarily it runs a mild, chronic and slowly progressive course. Occa- 
sionally, however, especially in some young diabetic patients and some 
patients with slowly progressive hypertensive disease, the phlebosclerotic 
process progresses to the point of total venous occlusion. This may 
develop over a period of six months to a year and be followed by com- 
plete infarction of the retina with complete loss of vision. Such progres- 
sive mural venous sclerosis obviously has serious significance. 


SUMMARY 


‘ The increasing incidence of retinal phlebosclerosis as a complication 
of diabetes is commented on. A classification of the various types of this 
yenous lesion is proposed, their causation discussed and a description of 
each given. The differential diagnosis and the pathologic changes in the 
retinas of 107 eyes are discussed. The literature on this condition is 
reviewed briefly, and the clinical significance of the picture is pointed out. 


ABSTRACT OF DISCUSSION 


Dr. Cecit S. O’Brien, Iowa City: I should like to take this oppor- 
tunity to express my gratitude as a student of Dr. Zentmayer, whom 
I consider one of my two great teachers. : 

One is always pleased to have one’s findings corroborated, and 
Dr. Gibson and Dr. Smith’s paper and Dr. Agatston’s paper both con- 
firm the findings which Dr. Allen and I expressed before this section 


_ last year, namely that in a great number of persons with diabetes, par- 


ticularly those with the mild, long-standing type, there are notable 
changes in the retinal veins and these, as we proved to our satisfaction 
last year by section of an affected eye, are due to sclerotic changes. 

It seems strange that so little mention has been made of pathologic 
changes in the retinal veins associated with diabetes and arteriosclerosis. 


‘Perhaps the explanation of these changes, or of the more frequent finding 


of them now, lies in the fact that diabetic persons live a great deal longer 
than they formerly did. Perhaps the changes are due to toxic or 
metabolic causes, and perhaps they come only with long-standing 
diabetes. 


It seems to me almost the rule to find arteriosclerosis in diabetic 
patients who have had the disease for any length of time. Even in some 
younger diabetic persons Dr. Allen and I have been able to find arterio- 
sclerotic changes, and certainly it must be unusual not to find more or 
less advanced sclerotic changes in the arteries in older patients. Con- 
sequently one would expect that the toxins or the metabolic by-products 
would affect not only the arteries but the veins and probably the capil- 
laries as well. ; 

The 21 patients on whom Dr. Allen and I reported before this section 
all had long-standing, mild diabetes. We found in the venous walls 
many changes such as those reported by Dr. Gibson and by Dr. Smith. 
We found hyaline degeneration of the venous walls, variation in the 
thickness of the walls, dilatations or varicosities in certain places, con- 
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strictions in other places and all the endothelial proliferations and other 
changes which one might expect in degeneration of the walls of the veins, 

Dr. Henry P. WaGENER, Rochester, Minn.: In many instances jn 
which a vein crosses, is crossed by or lies in close approximation to a 
severely sclerosed arteriole, thickening of the wall of the vein can be 
demonstrated histologically. According to Koyanagi this thickening is 
largely in the adventitia, especially when the arteriole and the vein are 
enclosed in the same sheath. At times some irregularity in the lumen 
of the vein distal to the point of actual compression is observed ophthal- 
moscopically. I have been accustomed to consider this irregularity as 
evidence of phlebosclerosis. It may represent mural thrombosis, since 
I have occasionally observed after an interval of six months or a year 
complete thrombosis of the vein at this point. At times, also, a localized 
narrowing is present in the lumen of a vein which is not in close associa- 
tion with a sclerosed arteriole. I have assumed that this narrowing is 
due to sclerosis of the wall of the vein, though I do not have any histo- 
logic proof for this assumption. 

The involvement of the retinal veins seen in association with diabetes 
mellitus differs ophthalmoscopically, in my opinion, from that seen with 
any other disease. The three outstanding features seem to be (1) the 
nodular dilatations stressed both by Gibson and Smith and by O’Brien 
and Allen in their paper before this section last year; (2) the tendency 
to venous capillary proliferation, to which scant attention has apparently 
been paid, and (3) the deposition or accumulation of yellowish white 
material under or around localized sections of individual veins. 

From the standpoint of ophthalmoscopic appearance it is difficult to 
believe that the wall of the vein is sclerosed in the areas of nodular and 
at times fusiform dilatation. Rather, the wall appears to be softened 
or at least to have become more permeable than normal, since blood 
seems to ooze directly from some of these dilated sections. I wonder 
whether the thickening of the walls of the veins demonstrated histo- 
logically by Gibson and Smith and by O’Brien and Allen may be more 
like the thickening of the capillary basement membrane of the glomerular 
tufts which permits increased escape of albumin in cases of nephrosis 
than the typical medial hypertrophy of arteriolosclerosis. The suggestion 
that mural thrombosis may be the cause of the peculiar ophthalmoscopic 
appearance of the veins has not received definite histologic confirmation. 
Apparently the anatomic or histologic nature of the peculiar loop forma- 
tions noted in many of the veins has not been demonstrated definitely. 

The tendency to proliferation of new vessels, in the main of capillaries 
but at times of those of larger size, has seemed to me to be a striking 
feature of retinal venous disease in cases of diabetes. The new vessels 
develop apparently from a retinal vein, at times on the disk but often also 
in peripheral parts of the retina. Their location does not always cor- 
respond to the nodular dilatations in the veins, and they may develop m 
retinas in which nodular venous dilatations are not present and in which 
there is no visible arteriolosclerosis. They occur frequently without evi- 
dence of massive bleeding into the retina or the vitreous, although when 
they are seen small punctate hemorrhages are scattered, usually in the 
retina. During the first stages of their development they are not ass0- 
ciated with any visible evidence of connective tissue proliferation. Later 
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delicate strands, or membranes, of connective tissue are seen in associa- 
tion with the newly formed vessels. It is my impression that some of the 
recurrent bleeding into the vitreous in diabetic patients occurs from these 
delicate newly formed vessels. 

In 1938 Bertha Klien (Retinitis Proliferans, Arch. Ophth. 20:427 
[Sept.] 1938) called attention to two types of retinitis proliferans, one 
in which “the formation of connective tissue precedes the formation of 
new blood vessels” and another in which “there is a primary formation 
of new vessels with secondary production of a scaffolding of delicate 
connective tissue.” She expressed the opinion that in the second type 
the proliferation is consequent to “a slow circulatory impairment due to 
degenerative vascular disease with the formation of new compensating 
anastomotic channels, with or without hemorrhage at first.”” She stated 
that this type is found often in association with diabetes and presented 
drawings illustrating it in a patient 46 years of age who had had diabetes 
for four years and whose blood pressure was normal. It would be 
interesting to know the basic nature of the disease of the veins which 
leads to vascular proliferation of this type. 

The exact nature and the origin of the yellowish white material seen 
along the margins of, or perhaps underlying, certain sections of the veins 
in cases of advanced retinitis of the diabetic type have not been entirely 
clear tome. Occasionally a similar deposit is observed along an isolated 
arteriole in the same retina. O’Brien and Allen called this appearance 
evidence of sclerosis. I am rather inclined to agree with Gibson and 
Smith’s opinion that it represents coagulated exudate in the perivenous 
(and periarteriolar) spaces. It is certainly in no sense equivalent to the 
periarteriolar sheathing seen ordinarily in association with arteriolo- 
sclerosis of the hypertensive type. 

On the whole, then, the histologic changes described to date in the 
veins of the retina do not seem to be sufficiently severe or characteristic 
to account for the extensive changes observed ophthalmoscopically in 
cases of diabetic retinitis. Unless it is to be assumed that there exists 
some metabolic tissue change which cannot be demonstrated histo- 
logically, it would seem that more intensive studies of more specimens 
will be necessary to reveal the exact nature of the lesions. It is difficult 
to obtain eyes for microscopic examination, especially eyes in the early 
phases of diabetic retinitis. Drs. Gibson and Smith deserve considerable 
credit for their intensive search for material. Undoubtedly their studies 
are a step toward the proper classification of lesions of the retinal veins 
to which pathologists have paid so little attention in the past. 


Dr. GLEN Grecory Grsson, Philadelphia: I wish to thank the dis- 
cussers for their kind consideration. Dr. Smith and I are particularly 
fortunate in having had Dr. Wagener discuss our paper, because he has 
pointed out its shortcomings. He was good enough to show me his 
discussion before the session convened and to ask me if there was any- 
thing I should like to have stricken out as too critical. Since our objec- 
tive is the truth, I told him to give it exactly as he had it, and I am 
indebted to him for pointing out the truth about the situation. 

We have not proved that these lesions are actually due to the phlebo- 


Sclerosis. They seem to be due to that, but the actual proof is yet to be 


brought forth. 
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Zinc sulfate solutions in varying concentrations have been used in 
the practice of ophthalmology for many years. However, in spite of 
their long popularity as ophthalmic medicaments, almost all such solu- 
tions as ordinarily dispensed have two disadvantaged Kirst, they are 
irritating to the delicate corneal tissues and, as a result, produce excessive 
lacrimation. This condition causes the active ingredients to be washed 
from the eye, thus greatly decreasing the therapeutic effectiveness of 
the zinc sulfate. Secondly, most of the preparations are dispensed 
unpreserved and contain zinc sulfate in combination with boric acid—a 
mixture which constitutes an admirable medium for the growth of micro- 
organisms such as yeasts and molds.* 

We have undertaken the present study in an effort to produce non- 
irritating and preserved zinc sulfate solutions which will lend themselves 
to more effective medication of the eyes than most such solutions now 
in common use. The adjustments made on ordinary ophthalmic prepara- 
tions of zinc sulfate to compensate for the disadvantages mentioned are 
discussed in the following paragraphs. 


PRESERVATION 


The preservation of ophthalmic solutions against the growth of micro- 
organisms such as yeasts and molds is not easily achieved. The ordinary 
methods of sterilization are both impractical and difficult to apply. For 
example, many ophthalmic preparations cannot be sterilized by heat, 
since this would destroy the active ingredients ; moreover, as with most 
physical methods of sterilization, the solutions would stay Sterile only 


1. Skauen, D. M., and Burroughs, G. L.: Pharm. Arch. 2:72, 1940. 
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as long as they remained free from exposure to contamination. Conse- 
quently, the most desirable and effective method of sterilization is the 
addition of a physiologically inert, nonirritating, bactericidal and fungi- 
cidal agent which is compatible with the active ingredients. With this 
method the sterility will be maintained even though the solution is 
exposed to contamination by micro-organisms. 

We investigated several of the esters of parahydroxybenzoic acid for 
their preservative qualities. Agar plates containing nutrient medium 
treated with various concentrations of the several preservatives, along 
with an untreated control, were inoculated with a uniform emulsion of 
the micro-organisms found growing in an unpreserved collyrium. The 
results obtained on twenty-four hour cultures are listed in the accom- 


panying table. 


Preservative Qualities of Several Parahydroxybenzoic Acid Esters 











Ester of 

Parahy- 

droxy- Concentration in Percentage 

benzoic — niet ‘ 
Acid 0.01 0.015 0.02 0.025 0.03 0.04 0.05 0.08 0.1 0.15 0.2 Control 

Methy) ibe a we oe ae oe eo ee +++ = oo $$++ 

Ethy) ee ve ee ee oe ee ee ow +++ ++ — +4+4++ 

Propy! - om ‘<e +44+ oe -- — aa ve os oo )«6 +++ 

Baty) +++ ++ _ oe oe se os $8 ee “4 eo) +t+4++ 

Mixture of 

methy! 65 parts 

and propyl! 35 

POFtS......000- ee ee ee ++ _ oe _- oe ee oo 644+ 





The preservative qualities of the methyl, ethyl and propyl esters 
were in accord with those noted by Sabalitschka and Bohm ? except that 
in all cases our results showed that lower concentrations of the preserva- 
tives are effective in preventing the growth of micro-organisms. This 
in all probability can be attributed to the fact that the mixture of micro- 
organisms used to inoculate the agar plates was not identical in the two 
studies. 

The results shown in the table indicate that butyl-p-hydroxybenzoate 
is the most suitable preservative of the compounds investigated and 
that the propyl, methyl and ethyl esters are effective in that order. 
On further investigation of these compounds it was discovered that the 
butyl and ethyl esters produced noticeable irritation when applied to the 
eyes, and they were discarded from this standpoint. The propyl ester 
produced only slight irritation, while the methyl ester was found to be 
nonirritating. 





2. Sabalitschka, T., and Béhm, E.: Zentralbl. f. Bakt. (Abt. 1) 123:351, 1932. 
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In order to have a preservative which would be nonirritating and 
still effective in low concentration, we investigated several combinations 
of the methyl and propyl esters. The combination finally selected was 
the same as that used by Hasler * and consisted of 65 parts of methyl- 
p-hydroxybenzoate and 35 parts of propyl-p-hydroxybenzoate. This 
mixture in 0.04 per cent concentration was found to prevent the growth 
of micro-organisms and was adopted as the most desirable preservative 
for the zinc sulfate ophthalmic preparations to be described. 


TONUS AND ITS RELATION TO OPHTHALMIC SOLUTIONS 


A solution is said to be isotonic when it exerts exactly the same 
osmotic pressure as a second fluid with which it is brought in contact, 
Whenever a solution is applied to the eye, unless it is of the same osmotic 
pressure as, or is isotonic with, the tears, a sharp and .painful irritation 
will be created. 

If a hypotonic solution is applied to the eye the tissue fluids will 
absorb water from it, thus causing the cells to become engorged with 
fluid—a condition which causes painful reactions. If the collyrium 
is hypertonic it will withdraw water from the tissue fluids until an 
equilibrium is established at the point at which the osmotic pressures 
of the two solutions are equal. This withdrawal of water causes dehy- 
dration and shriveling of the tissues, which in turn produce painful 
reflexes. 

It can be readily seen from these facts that an isotonic solution 
would be much more efficient and desirable in treating the eyes than 
one whose osmotic pressure had to be readjusted by the absorption 
of water from the tissue fluids, as in the case of hypertonic solutions, 


or by the loss of water to the tissue fluids, as in the case of hypotonic 
solutions. 


BUFFER ACTION AND ITS APPLICATION TO COLLYRIUMS 


Not only must the tonus of a solution to be used in the eye be 
adjusted, but the reaction, or py, must be adjusted so that it is within 
the narrow limits of that of the lacrimal fluid if a completely nonirritating 
and effective collyrium is to be prepared. Not only must the py of 
the solution be made to approximate that of the tears, but it must be 
adjusted so that it will remain at that level with only very small devia- 
tions. This is accomplished by the addition of buffer salts to the 
collyrium. Although the normal py of the lacrimal fluid is about 7.4, 
we have found that if an ophthalmic solution is within the py range of 
about 6.5 to 7.8 it is relatively nonirritating provided it is also isotonic 


with the tears. 


3. Hasler, W. T.: Am. J. Ophth. 22:423, 1930. 
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Buffer action is defined as the ability of certain salts when dissolved 
in water to resist a change in py on the addition of a small amount of 


acid or base. The term buffer salt is applied both to the salts of weak ~ 


acids, such as phosphoric and acetic acid, and to the salts of weak 
bases. 

The principle of buffer action when a buffer solution is added to 
a second solution containing a small amount of acid or base can be 
explained as follows: The addition of an amount of buffer salt rela- 
tively large in proportion to the amount of acid or base present causes 
a fractional decrease of the buffer ion through its union with the hydrogen 
jon to form the slightly dissociated acid corresponding to the buffer salt 
employed. The decrease in the amount of buffer salt will then be so 
slight that the hydrogen ion concentration will remain practically 
constant. 

The application of this principle of buffered solutions of collyriums 
has become increasingly important as the knowledge of the reaction of 
the lacrimal fluid and its effect in the therapy of the eye for various 
pathologic conditions has increased. For example, it is well established 
that pneumococcic organisms cannot live at a py of less than 7.0 and 
consequently should be treated with an acid collyrium. Streptococci, on 
the other hand, require an alkaline medium for efficient treatment.* 

In general terms, it may be said that conditions causing acidity in 
the eye should be treated with an alkaline collyrium, and vice versa. 
Thus, the corneal injury is treated with an acid solution because it 
produces an alkaline fluid about py 8.4, which should be compensated 
for. However, it is not sufficient merely to apply a simple alkaline or 
acid solution to the eye, as required, because the extreme reaction of the 
lacrimal fluid will neutralize the collyrium and quickly return the reaction 
to the original level. 

To remove the possibility of having an uncontrolled reaction of the 
lacrimal fluid during the therapy of pathologic conditions of the eye, 
the use of buffered collyriums has been evolved. A buffered solution 
of the proper py for the pathologic condition will immediately bring 
the py of the lacrimal fluid to approximately that of the buffer and 
prevent any change in py as long as it remains in the eye. 

In several cases we found that the lacrimal fluid did not change the 
pu of a well buffered solution more than 0.1 of a py unit; therefore a py 
of 6.75 was adopted as desirable for ophthalmic solutions except when 
a streptococcic infection is being treated or when a salt that is soluble 
only in an alkaline solution is used. 


4. Hosford, G. N., and Hicks, A. M.: Hydrogen Ion Concentration of Tears: 
Its Relation to Certain Ocular Symptoms and to Conjunctival and Corneal Lesions, 
Arch. Ophth. 18:14 (Jan.) 1935. 
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PREPARATION 


From the facts mentioned in the foregoing paragraphs, it can be 
readily seen that most of the irritating properties of ordinary ophthalmic 
preparations are due to the fact that the preparations are not buffered 
to the py range which is consistent with comfort or made isotonic with 
the lacrimal fluid. In many of the ophthalmic solutions on the market 
one of these factors is compensated for, but with very few have both 
been taken into consideration, a condition which leads to only a partial 
elimination of the irritant properties. 

In the preparation of our new zinc sulfate ophthalmic solutions, we 
adjusted both the reaction and the tonus of each solution, thus making 
it nonirritating in both the 0.125 per cent and the 0.25 per cent con- 
centrations. The py of the solution was adjusted to 6.75, which is well 
within the range of comfort, and the tonicity was adjusted to correspond 
with that of the tears. 

To obtain a solution having a py of 6.75, two buffer solutions were 
prepared, an alkaline solution containing sodium acetate and zinc sulfate 
and an acid solution containing boric acid and zinc sulfate. Both were 
made isotonic with potassium chloride. The two solutions were mixed 
in the proportions necessary to make the final py 6.75. 

The most convenient and accurate method for the calculation of the 
amounts of salts necessary for an isotonic collyrium takes into con- 
sideration besides the isotonic factor of the lacrimal fluid the concentra- 
tion of the salts and their molecular weights and ionization factors. 
The following formula, based on the work by Nicola,’ was used in the 
preparation of the isotonic zinc sulfate solutions. 





Percentage of 
(I Peay ’ active ingredient el 
- = lia in solution _ .,  Tonization factor 
fluid) Molecular weight of active of active ingredient 


ingredient in solution 


Molecular weight of salt to 





be used to make Number of grams of salt 
x solution isotonic — _used to make solution 
Ionization factor isotonic with lacrimal 
of salt to be used to fluid, added to 100 cc. 


make solution isotonic 


0.125 PER CENT ZINC SULFATE SOLUTION 
Calculations for isotonic alkaline buffer solution: 
u x 1.5= 0.01829 sodium acetate factor 
82.02 
aS < 1.5 = 0.00116 zinc sulfate factor 
0.04307 — (0.00116 + 0.01829) = 0.02362 differential factor 


o.08ee 74-55 — 1.1739 Gm. of potassium chloride to 100 cc. of solution. 











5. Nicola, F.: Gior. di farm. 70:57, 1921. 
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Calculations for isotonic acid buffer solution: 


_9.5_ x 1 = 0.00809 boric acid factor 
61.84 


0.125 y 1.5 — 0.00116 zinc sulfate factor 
161.43 


0.04307 — (0.00809 +- 0.00116) = 0.03382 differential factor 


0.0338? 7455 = 1.6808 Gm. of potassium chloride to 100 cc. of solution. 


Formula for 0.125 per cent isotonic alkaline buffer solution: 


emney acetate, anlydhots....o. 2... dsevnx seesan ceueees 1.0000 Gm. 
Dee Golsate aalvdioue. . oo. os «0.wegedeeneecreween 0.1250 Gm. 
Drmeenin ChIUGIGe: oo. 5.6.6 5 oc nck de cee eee 1.1739 Gm. 
Preserved distilled water, a sufficient quantity to make.. 100.00cc. 


Formula for 0.125 per cent zinc sulfate isotonic acid buffer solution: 


aC MCN BUNVUROUS.... 2... 6 i. veneered eahegeeseeseaekoun 0.5000 Gm. 
Pee GUNCAED, GUN MUT OUR. «55.5. <+.5.3.00 500d baa eede aloe ean .... 0.1250 Gm. 
SNOT RIOTINS nse: « oo. 5. o-003.c pv eae eek shale MER OON ES 1.6808 Gm. 
Preserved distilled water, a sufficient quantity to make.... 100.00 cc. 


Ten cubic centimeters of the isotonic alkaline buffer solution was 
titrated with the isotonic acid buffer solution, a Beckman py meter being 
used, until the final py of the solution was 6.75. 


Note: It is essential in the preparation of each solution that only 
chemicals of the highest purity be used and that each substance be accu- 
rately weighed on an analytic balance. 


0.25 PER CENT ZINC SULFATE SOLUTION 


Calculations for isotonic alkaline buffer solution: 
ene x 1.5= 0.01829 sodium acetate factor 
0.25 


saa X 1.5 = 0.00232 zinc sulfate factor 


0.04307 — (0.01829 +- 0.00232) = 0.02246 differential factor 


0.02246 X 74.55 


rT? = 1.1162 Gm. of potassium chloride to 100 cc. of solution. 





Calculations for isotonic acid buffer solution: 


0.5 = : : 
ataz X 1 = 0.00809 boric acid factor 


atiee < 1.5= 0.00232 zinc sulfate factor 
0.04307 — (0.00809 +- 0.00232) = 0.03266 differential factor 


0.03266 < 74.55 


73 = 1.6232 Gm. of potassium chloride to 100 cc. of solution. 





Formula for 0.25 per cent zinc sulfate isotonic alkaline buffer solution : 


en rn ee 1.0000 Gm. 
Se TE, GUO, «0.0 0 iwc cndivcnsadueeesceabboees 0.2500 Gm. 
NU GERUNEES 5.0 0 ivcvsvsdadeecteuaeeabeeth alee 1.1162 Gm. 


Preserved distilled water, a sufficient quantity to make.... 100.00 cc. 
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Formula for 0.25 per cent zinc sulfate isotonic acid buffer solution: 





ee ME NNN So Sco 5 oc cds ciclsdinws eee bieds neste 0.5000 Gm. 
NS ea od cas Uescucaeatssavcerses 0.2500 Gm. 
en wultind suRkers niu aay ees 1.6232 Gm. 
Preserved distilled water, a sufficient quantity to make 100.00 ce. 


The directions for attaining the proper py, 6.75, are described under 
the heading “0.125 Per Cent Zinc Sulfate Solution.” 


SUMMARY AND COMMENT 


A buffered, isotonic, preserved zinc sulfate ophthalmic solution was 
prepared which, by virtue of being adjusted as to reaction and tonus, 
was found to be nonirritating to the tissues of the eyes. 

Sodium acetate was chosen as the alkaline buffer salt because it 
is the only one among the common alkaline buffer salts which is com- 
patible with zinc sulfate. The use of stock sodium carbonate solution, 
along with an acid buffer, suggested by Gifford,® produces a precipitate 
of basic zinc carbonate if the py of the acid buffer solution containing 
the zinc sulfate is raised to 6.75. The use of phosphate buffers must 
obviously be ruled out because of the very slight solubility of zinc 
phosphate. 

By the application of buffered isotonic solutions of varying py to 
normal eyes we found that the range of comfort extends from py 6.5 
to 7.8. Consequently, in order to place the solution well within the 
range of comfort and still maintain its reaction sufficiently acid to keep 
the zinc sulfate in solution, the preparation was adjusted to py 6.75. 

The zinc sulfate solutions described in the preceding paragraphs, 
since they are devoid of irritant qualities, should add materially to the 
popularity and effectiveness of zinc sulfate in the therapeutic treatment 
of the eyes. 


6. Gifford, S. R.: Reaction of Buffer Solution and of Ophthalmic Drugs: 
Further Note, Arch. Ophth. 13:78 (Jan.) 1935. 








TONOMETRIC STANDARDIZATION 


A METHOD OF INCREASING THE ACCURACY OF TONOMETRY 


DAVID O. HARRINGTON, M.D. 
AND 


ALFRED H. PARSONS 
SAN FRANCISCO 


There are two ways whereby the intraocular pressure may be mea- 
sured: manometry and tonometry. Of the two the former alone attains 
any degree of scientific accuracy. 

Manometry, however, being a clinically inapplicable method, suitable 
only for the laboratory, it has been necessary to devise an instrument 
for estimating the intraocular pressure by interpretation of measure- 
ments taken of the impressibility of the globe. This is the method of 
impression tonometry. 

It cannot be too strongly emphasized that the tonometer is not an 
instrument of accuracy in recording an absolute measure of the intra- 
ocular pressure. The tension of an eye is in part due to the pressure 
of its contents, but it is not identical with this pressure nor does it vary 
absolutely with it. Actually it is the impressibility of the eyeball which 
is measured by the tonometer. From this measure is deduced the tension 
of the eye, and the absolute pressure of the intraocular contents is 
inferred from this tension. 

The impression tonometer, then, measures the depth of indentation 
produced by a given force over a constant area of the cornea. The 
results, however, are purely arbitrary, and in order to resolve them into 
absolute values the measurements obtained must be calibrated against a 
manometer connected directly with the intraocular contents. 

The development of the tonometer and the ingenuity exercised in 
its design are most interesting and have been ably reviewed by Lloyd. 
From its earliest inception there was a constant striving for more 
accuracy in the interpretation of the instrument’s measure of ocular 


From the Division of Ophthalmology, Department of Surgery, University of 
California Medical School. 


Read before the Section on Ophthalmology at the Ninety-Second Annual 
Session of the American Medical Association, Cleveland, June 5, 1941. 


1. Lloyd, R. I.: Am. J. Ophth. 13:396 and 496, 1930. 
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impressibility, until with the advent of the Schidtz ? design a point was 
reached at which the actual intraocular pressure of the average eye could 
be inferred from the ocular tension with reasonable exactitude. 

Fortunately, Schiotz was his own severest critic. The experimental 
manometric measurements on which he based the nomogram for yse 
with his instrument were carried out with the most exhaustive patience 
and care. By his own analysis he detected errors and corrected them 
in their incipience, and the final measurements and calculations from 
which he computed his 1924 scale of pressures are models of scientific 
care. 

Schidtz’ * experimental method was briefly as follows: He connected 
the eye with a water manometer and with a tonometer resting on the 
cornea measured the tonometer scale readings corresponding to different 
intraocular pressures. In each case two sets of readings were taken, 
First the connection between the eye and the manometer was left open. 
The pressure measured was the actual intraocular pressure with the 
tonometer in place. Second, the intraocular pressure was brought to a 
particular level and the connection with the manometer was then closed. 
The tonometer was then placed on the cornea and a reading made. 
Schidtz used the results of the second method to establish his nomogram, 
checking their accuracy by comparison with the results with the open 
manometer. 

Schidtz * recognized the fact that the values which he calculated from 
his experimental work were only approximations of the true intraocular 
pressure. He realized that while the deflections of the pointer on his 
tonometer were dependent on the pressure of the contents of the eye 
they were also dependent on a number of other factors which are variable 
and difficult to assess. Being unable to fit them to his formula, he 
assigned to them an arbitrary constant value. 

The factors which determine a tonometric reading, aside from the 
actual intraocular pressure, are as follows: 


1. The rigidity of the ocular coats. 


2. The volume of corneal indentation produced by the tonometer 
plunger. 


3. The distortion of the cornea by the tonometer foot plate irrespec- 
tive of indentation by the plunger. 

4. The expulsion of intraocular fluid by the weight and by the 
manner of application of the tonometer. 

5. The mechanical accuracy of the tonometer as to: (a) adherence 
to specifications, (b) reduction of reading errors. 

2. Schidétz, H.: Arch. f. Augenh. 52:401, 1905. 


3. Schidtz, H.: Arch. f. Augenh. 62:317, 1909. 
4. Schidtz, H.: Acta ophth. 2:1, 1924; Brit. J. Ophth. 9:145, 1925. 
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Studies on the rigidity of the eyeball and the importance of this 
variable in tonometry have been carefully analyzed in a brilliant con- 
tribution to the theory and practice of tonometry by Friedenwald.> He 
grouped together and analyzed the factors involved in a tonometric read- 
ing other than pressure which he felt contributed to the resistance of the 
eyeball to indentation by the tonometer. He concluded: 


The intraocular pressure as measured by the Schidtz tonometer with the aid 
of the Schidtz nomogram is subject to error due to variations in the rigidity of 
the ocular coats. For the same intraocular pressure the tonometer reading will 
be less and the pressure reading correspondingly greater, the greater the rigidity 
of the eyeball. 


On the basis of the experimental work of Schultén,* Koster,’ 
Schiotz,® Ridley ® and Clark,’® Friedenwald derived a mathematical 
formula for the relation between volume and pressure changes in the 
eye, incorporating a numerical constant which he called the coefficient 
of rigidity of the eye. This formula is applicable to tonometric measure- 
ments when the pressure is taken as the actual intraocular pressure, with 
the tonometer resting on the cornea, and the volume is taken as the 
volume of the indentation produced by the tonometer plunger. 

Using the original experimental data of Schidtz, he then computed 
the pressure within the eye at each tonometer scale reading and the 
corresponding volume of corneal indentation. With these calculations 
and his formula for the coefficient of rigidity of the eye he developed a 
nomogram from which may be graphically computed the coefficient of 
rigidity of an eye when two tonometric readings are made with two 
different weights. Finally, by allowing for distortion of the cornea by 
the tonometer foot plate irrespective of the indentation produced by the 
plunger, he developed a method for calculating the true intraocular 
pressure free from errors due to rigidity of the ocular coats. 

We have made a searching analysis of Friedenwald’s work and are 
entirely in agreement with his theory and his conclusions, all of which 
we have accepted in toto as logical and in definite order. We feel, 
however, that the work exhibits several drawbacks which have robbed 
it of some of the appreciation that should have been its due, and while 
we are unable to add to the fundamental concepts involved it seems 
highly desirable to make better use of these concepts by presenting them 
in somewhat less abstruse form and in such a way as to make them 
easily applicable to clinical tonometry. 


5. Friedenwald, J. S.: Am. J. Ophth. 20:985, 1937. 
6. Schultén: Arch. f. Ophth. (pt. 3) 30:6, 1894. 

7. Koster, W.: Arch. f. Ophth. (pt. 2) 41:113, 1895. 
8. Schidtz, H.: Arch. f. Augenh. 68:77, 1911. 

9. Ridley, F.: Brit. J. Exper. Med. 11:217, 1930. 
10. Clark, J. H.: Am. J. Physiol. 101:474, 1932. 
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We make no attempt within the limits of this paper to review the 
vast subject of tonometry, the bibliography of which is extensive. We 
are content with the more modest aim of using the salient points pre. 
sented by various authors to evolve a clinically workable method of 
tonometry and one which we feel is more accurate in its interpretation 
of tonometric readings. In this we are following in the footsteps of 
Schiotz and Friedenwald, who, we believe, have done most to point out 
the need for tonometric standardization. Schiotz’ experimental work js 
readily available, but it remained for Friedenwald to coordinate it jn 
such a manner as to eliminate the important variable of the resistance 
to pressure which is exerted by the rigidity of the ocular envelope 
and thus make it possible to determine to a reasonable degree of approxi- 
mation the actual resistance to tonometric pressure exerted by the intra- 
ocular pressure alone. The assumption of an average rigidity of ocular 
coats thus becomes inadmissible. 

A study of Friedenwald’s paper makes it clear that as far as 
theoretically possible three of the major variables in a tonometric read- 
ing have been mathematically reduced to constants, namely : 

1. The rigidity of the ocular coats. 


2. The volume of corneal indentation produced by the tonometer 
plunger. 

3. The distortion of the cornea by the tonometer foot plate irrespec- 
tive of the indentation by the plunger. 

It is thereby possible to approximate more closely from the measured 
impressibility of the eye the actual intraocular pressure. 

In using Friedenwald’s nomogram, however, it is necessary to plot 
points on at least two of the pressure curves. By drawing a series of 
lines connecting these points with the abscissa for the zero scale reading 
and the curve representing the volume of fluid displaced by the weight 
of the tonometer one may arrive at a reading of the true intraocular 
pressure, without the influence of the rigidity of the ocular envelope. 
This procedure does not lend itself to clinical application for a number 
of reasons: 

1. To attain any degree of accuracy would necessitate a considerable 
enlargement of the chart. 

2. Practically, each tonometric reading would require a separate 
chart. 

3. It is too tedious and slow a method for use in a busy clinical 
practice. 

Our first attempt to apply the nomogram to clinical tonometry 
resulted in its simplification and a slight modification of its eurves 
obtained through recalculation, especially in the region of low tension 
readings (fig. 1). 
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By application of a protractor to the modified graph it is possible 
to follow Friedenwald’s directions and determine the slope of the line 
corresponding to the coefficient of rigidity for the two pressure points 
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Fig. 1—Nomogram modified from Friedenwald. 


plotted. The necessary connecting lines are then drawn and the desired 
end point, representing the true intraocular pressure, obtained. In this 
procedure, however, the tediousness and the inaccuracies introduced 
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by the mechanical difficulties connected with plotting the graph are 
unaltered. 

Construction of an alinement chart, which by application of a pro. 
tractor would both simplify the interpretation of the readings and 
increase their accuracy, proved to be mathematically impossible owing 
to the impossibility of deriving a formula which would convert the 
curves of either the Schiotz or the Friedenwald nomogram into straight 
lines. 

As a final and practical solution of the problem we have computed 
a numerical chart from which may be read instantly the calculated true 
intraocular pressure, without the influence of ocular rigidity, when two 
readings are taken each with a separate weight (fig. 2). 

For each scale reading of the tonometer dial we have computed by 
means of the formulas presented by Friedenwald the actual intraocular 
pressure in millimeters of mercury for each of the four weights, using 
the 5.5 Gm. and the 10 Gm. weight for one chart and the 7.5 Gm. 
and the 15 Gm. weight for another. The half scale points have been 
interpolated. All calculations were carried to six decimal places and 
then rounded off. For example, if a tonometer scale reading of 4 is 
obtained with the 5.5 Gm. weight and with the 10 Gm. weight the dial 
registers 10, then by reading vertically from the 4 on the scale for the 
5.5 Gm. weight and horizontally from the 10 on the scale for the 10 Gm. 
weight one obtains an end reading of 25 mm. of mercury as the actual 
intraocular pressure of the eye being tested. 

Beside this figure in the same square of the chart is seen the figure 
29. This represents the coefficient of rigidity of this eye in degrees of 
are from the horizontal. 

In Friedenwald’s nomogram the slope of the line connecting the 
two pressure readings represents the coefficient of rigidity of the eye. 
This coefficient is the ratio between the logarithms of pressure at two 
points and the lineal measure of volume of fluid displacement in cubic 
millimeters. We felt, however, that the number representing this ratio 
would not convey the same meaning on a numerical chart as it would 
on a nomogram, where the slope of the line is actually pictured. Whereas 
the slope of a line is most truly represented by the tangent of the angle 
of which it is a part, the numerical value of the tangent would scarcely 
convey a better mental picture than the numerical value of the ratio. 
We have therefore represented this value on our numerical chart by the 
angle itself, in the belief that it is easier to visualize an angle of a given 
degree than a ratio representing this angle. 

The slope of the line drawn through two points on two pressure 
curves on the nomogram that has as an end point the average normal 
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: Fig. 2—The numerical chart from which may be read the calculated true 
intraocular pressure and the coefficient of rigidity in degrees of arc. | 
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intraocular pressure of 25 mm. of mercury has an angle of 28° 50, of 
in round figures of 29 degrees, from the horizontal. Any departure from 
this figure on the numerical chart presents a simple mental picture of 
the slope and its interpretation in terms of greater or of less ocular 
rigidity. 

On the Friedenwald nomogram this line bears the figure 0.021, of 
the numerical value of the ratio mentioned. 

It was Priestly Smith *t who pointed out the errors introduced into 
a tonometric reading by a faulty position of the eye or of the tonometer 
during’a reading. This principle is now so well known and the error 
so obvious as to require little comment here. 

When, however, a weight is applied to the cornea the indentation 
and flattening produced cause an expulsion of intraocular fluid. The 
amount of this expulsion is dependent on the amount of weight applied 
and the duration of its application. The weight of the tonometer, of 
course, can and should be made a constant factor, but the manner and 
the duration of its application are variables which cannot be reduced 
to constants unless by the ballistics method of tonometry now being 
studied by Vogelsang ** and others. It is unlikely that this factor will 
introduce a large error unless rather heavy weights are used for long 
periods. One of the objections to the single weight tonometers of 
McLean ** and Bailliart ** is the necessity of increasing their weight by 
a considerable amount to encompass the clinical range of intraocular 
pressures, thus magnifying this possible source of error. With regard 
to the duration of application of the tonometer, it is obvious that the 
longer a given weight is applied to an eye the greater will be the expul- 
sion of intraocular fluid. Any method or instrument which will shorten 
this period of application by simplification of its reading will minimize 
this error providing the operator understands that the shortest possible 
time consistent with accurate observation is the goal to be attained. 

In anticipation of justified criticism, it has been conceded that direct 
manometry is still the only scientifically accurate method of measuring 
the true intraocular pressure. As Schidtz and others have pointed out 
so emphatically, a given deflection of the tonometer needle does not 
indicate a definite pressure in millimeters of mercury but represents 
a range which is not insignificant. Nevertheless, as in all empiric work, 
an average point can and must be accepted if the procedure is to be at 


11. Smith, O. P.: Ophth. Rev. 34:65, 1915. 
12. Vogelsang, K.: Arch. f. Augenh. 108:714, 1934. 


13. McLean, W.: J. Ophth., Otol. & Laryng. 20:432, 1914; Brit. J. Ophth. 3: 
385, 1919. 


14. Bailliart, P.: Clin. opht. 12:374, 1923; Ann. d’ocul. 160:777, 1923. 
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all useful. The departure from accuracy of this middle point is dependent 
on the range between the maximum and the minimum determined in 
the experiments. The selection of a five minute angle for the test letters 
of the Snellen visual acuity chart is a case in point, representing as it 
does the average in a range of normal vision. 

Schidétz also advocated the recording of intraocular pressure readings 
in the form of fractions, stating that “the only correct method is to 
note what is really seen, viz. the deflection obtained over a certain 
weight.” He was much distressed by the tendency to record the inter- 
preted readings in millimeters of mercury. In spite of his exhortations 
the clinical use of direct pressure recording has persisted and, it cannot 
be denied, has much to be said in its favor. This attempt at a more 
direct approach to the analysis of intraocular pressure has, through 
wide clinical use and common consent, succeeded gradually in almost 
replacing the original Schiotz method. It is largely responsible for the 
search for satisfactory direct reading instruments, such as those designed 
by McLean and Bailliart. 

It is indirectly responsible for the confusion and lack of standardiza- 
tion in tonometry today. 

Friedenwald’s work has served to emphasize the fundamental 
accuracy of the findings of Schidtz. If one accepts the validity of the 
theory that ocular rigidity is a prime factor in the determination of actual 
intraocular pressure, one must automatically accept the principle of the 
tonometer with multiple weights and a concave plunger. Schidtz*® 
anticipated us in this when he convinced himself that his own X 
tonometer added nothing of value sufficient to warrant its adoption. 

Clinical application of the increased accuracy of interpretation con- 
tributed by Friedenwald to the Schidtz method, plus the vast accumula- 
tion of clinical data based on the Schiotz scale, plus the practically 
international acceptance of the Schidtz nomogram, provides a widely 
used, clinically accurate method of impression tonometry as capable of 
rigid standardization and universal adoption as the Snellen visual acuity 
test. It remains but to devise an instrument by which this method may 
be fully utilized. 

The Schidtz tonometer in its present form is not a standardized 
instrument in any sense of the word. Schidtz himself deplored the fact 
that reading errors with it are too great, owing, of course, to the crowded 
scale and the parallax inseparable from the design used in its con- 
struction. 

Friedenwald stated : 


The results of the clinical investigations reported indicate quite clearly that 
mechanical refinements in the tonometer which would reduce the error of reading 





15. Schidtz, H.: Brit. J. Ophth. 11:116, 1927. 



































868 ARCHIVES OF OPHTHALMOLOGY 


would be of distinct value. The reading errors of the present instrument are 59 
large that reasonably accurate estimates of ocular rigidity and intraocular pressure 
can be obtained only by averaging the results of repeated measurements. 


We have carefully checked the weights and measurements of a large 
number of Schiotz tonometers, some manufactured in Europe and some 
in the United States, We found no instrument that adhered to Schiétz’ 
original specifications and no two instruments that were alike in more 
than the diameter of the plunger. 

We measured the actual downward force of the plunger with the 
lever and the specified weight resting on it and found wide discrepancies 
in the rated weights. The overhang of the long pointer was found to 
add an appreciable downward force when it moved from the vertical 
position toward the right. This additional force was consistent and 
would affect slightly the results obtained with the higher scale reading. 


TABLE 1—Weights and Measurements of Schidtz Tonometers 








Range, Gm. 

Weight of tonometer (without plunger, lever or gram weights)................. 10.1 to 11.4 

Cs ecu rawere tes beeaee bee Hens iiseereecesensey 5.1 to 64 

ee i han die races beehbeEwedhetees ee weviasepeabaaads 7.05 to 9.0 
ek Song tds ede shade hoe sledsveseeeerectcusessates 9.67 to 10.9 
eS a as chicas b dh edresed bwwetersnessaedbekeoued 14.5 tol 

Range, Mm, 

ETERS SE LOS SIRT SOT ET CES PET oN OEE 9.75 to 10.2 





The increase in pressure of the plunger due to departure of the pointer from the vertical 
Position was found to be from 3 to 5 per cent, depending on the weight of the pointer. 


Somewhat the same state of affairs was noted by Friedenwald, and 
he pointed out that so long as the same instrument is used in each case 
the differences found in various readings on the same eye are of equal 
value for each instrument. 

It would seem, therefore, either that a different nomogram should 
be computed for each instrument or that the instruments should be so 
standardized as to eliminate these variations. 

The ideal tonometer must adhere rigidly to standard specifications. 
Each instrument must be constructed as a precision instrument, exactly 
like its fellow in every mechanical detail. It must be designed so as 
to reduce to a minimum the reading errors inherent in the Schiotz 
design, such as the crowded scale, the distance of the scale from the 
patient’s eye (one of McLean’s criticisms) and the parallax caused by 
the position of the pointer. It must incorporate an easy clinical method 
(such as use of our numerical chart) of converting its readings of 
ocular impressibility to actual intraocular pressure in millimeters of 
mercury without the influence of ocular rigidity. It should be so 
designed that it may still be used with the Schidtz nomogram as 4 
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refined and mechanically perfect Schiotz tonometer. Finally, it should 
be capable within certain specific limitations of use as a direct reading 
tonometer. 

We have attempted the design and construction of such an instru- 
ment (fig. 3). 

For the minimizing of reading errors we have replaced the crowded 
and short arc of the Schiotz instrument by a dial divided in such a way 
as to magnify each scale reading by 5. 

The entire dial moves, and on application of the tonometer its 
divisions pass before a window in the otherwise opaque front face. This 
window, located at the lowest point on the dial so as to decrease to a 





Fig. 3—The Harrington and Parsons tonometer (patent pending). 


minimum the distance the observer’s eye must travel from cornea to dial, 
is etched on its inside surface with a fixed pointer line, thus reducing 
the parallax from that associated with a narrow scale and a thick pointer 
to virtually zero. The pivots of the various gears and levers used in 
motivating the dial from the plunger movement are all jeweled, as in 
a fine watch, so as to minimize friction. 

The instrument is made largely of a very light material, so that 
its weight can be kept within specified limits. The foot plate and the 
plunger tip are made of transparent plastic to facilitate more accurate 
application to the cornea. Each instrument adheres rigidly to funda- 
mental specifications, as follows: 

1. The weight of the tonometer without the factors producing the 
downward force of the plunger, viz. the weight of the tonometer without 
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the weight of the plunger, the weights and the force contributed by the 
lever action to the plunger, equals 12 Gm. 

2. The 5.5, 7.5, 10 and 15 Gm. weights are constructed so ag to 
produce when added to the plunger a downward force equal to the 
specified weight. 

3. The diameter of the plunger equals 3 mm. 

4. The diameter of the foot plate equals 9 mm. 


5. The radius of curvature of the foot plate and bottom of the plunger 
equals 15 mm. 


Each instrument is supplied with three charts as follows: 


1. A numerical chart for the 5.5 Gm. and the 10 Gm. weight and 
for the 7.5 Gm. and the 15 Gm. weight computed from the modified 
Friedenwald formula. 

2. A numerical chart computed by Schiétz in 1924, with interpolation 
of figures for half scale readings. 

3. A numerical chart corrected for an average normal rigidity of 
0.021, or 29 degrees, with interpolation of figures for half scale readings, 

Charts 2 and 3 are for the ophthalmologist who, not having con- 
vinced himself of the importance and the variability of the factor of 
ocular rigidity, wishes to use the instrument as he used his old Schidtz 
tonometer. ‘ 

There can be no doubt as to the desirability of a direct reading 
tonometer. As mentioned, the search for such an instrument is largely 
responsible for the variety of instruments in use today and hence for 
the complete lack of standardization in tonometry as a procedure. 

It occurred to us that, aside from using this instrument in interpreting 
ocular rigidity, we might use it as a direct reading tonometer providing 
we did not expect it to exceed its natural limitations or depart from its 
fundamental specifications. 

In clinical practice an instrument from which the intraocular pressure 
may be read directly appeals greatly. Once the degree of ocular rigidity 
is established by a set of readings on a given eye, or the fact ascertained 
that the actual intraocular pressure lies well within the range of normal, 
all subsequent readings may with profit be read directly from the 
tonometer dial on the basis of an average normal rigidity represented 
by an angle df 29 degrees on the numerical chart. 

Examination of the Schidtz nomogram (fig. 4) corrected for an 
average normal ocular rigidity of 29 degrees shows that with the 5.5 
Gm. weight the range of intraocular pressure obtainable, this constant 
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rigidity being assumed, is considerable, namely from 6 to 52 mm. of 
mercury. With the 7.5 Gm. weight the range increases to 71 mm. of 
mercury. This encompasses the vast majority of clinically measured 
intraocular pressures, and within the region of the accepted normal range 
the comparison of this nomogram with the 1924 nomogram of Schidtz 
shows a remarkable agreement. 





Fig. 4—The Schiétz nomogram after 1924 experimental data corrected for an 
average normal ocular rigidity of 29 degrees. 


There is no theoretic reason why, so long as one does not change 
the weights and measurements involved, one cannot transfer from the 
nomogram to the instrument dial the figure for intraocular pressure in 
millimeters of mercury for each tonometer half scale reading within this 
range. We have been able to do this on our tonometer, owing to the 
increased spacing of the tonometer scale readings, by enlarging the 
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window in the opaque front face of the instrument. Within the aperture 
of this window are two sets of figures for intraocular pressure in mij. 
meters of mercury based on an average ocular rigidity of 29 degrees, 
one for the 5.5 Gm. and one for the 7.5 Gm. weight. These figures 
are placed directly above the regular tonometer scale and appear with 
the rotation of the dial with their corresponding tonometer scale reading 
below them. Thus we have a tonometer from which may be read directly 
the intraocular pressure in millimeters of mercury at the moment of its 
application to the cornea providing the pressure of the eye falls within 
the limits of the range of 6 to 52 mm. of mercury when the 5.5 Gm. 
weight alone is used or 7 to 71 mm. of mercury when the 7.5 Gm. weight 
is used and providing a single measurement is made with the assumption 
for the eye being examined of an average normal ocular rigidity of 0.021, 
or 29 degrees. 

While we do not advocate this direct method of measuring the intra- 
ocular pressure, believing the ocular rigidity to be a variable rather than 
a constant factor, we are cognizant of its desirability as a clinical pro- 
cedure. Its extreme simplicity so appeals to the practitioner that he 
will use a direct reading tonometer to the exclusion of other instruments 
even though its scale of pressures introduces confusion and its findings 
are inaccurate. Realizing that we cannot eliminate the use of the direct 
reading instrument, we believe it is expedient and in the interest of 
tonometric standardization to replace it by one which, though it has 
its ideal use as a multiple weight tonometer, is capable of direct inter- 
pretation and is more accurate than it is possible to make a single weight 
tonometer. Adherence of the instrument to standard specifications and 
the more generally accepted Schidtz scale of intraocular pressure 
will encourage greatly the standardization of the whole procedure. 

We have purposely avoided in our discussion any mention of the 
relative merits of the various tonometers now in use, such as the McLean, 
Gradle-Schiotz,’* Bailliart and Souter ** instruments. We believe that 
each of these instruments in turn has contributed a great deal to the 
subject of tonometry, and we have no criticism of any one of them 
individually. The mere fact of their existence, however, is indication 
of the need for thorough revision of the whole subject of tonometry, and 
the variability of the instruments and their interpretation of ocular 
impressibility cries out for standardization. It is obvious that this 
theoretic basis for a plea for tonometric standardization must be further 
proved by additional work, experimental, mathematical and clinical, and 
we have already begun this work. For example, we have found that a 


16. Gradle, H.: Ophth. Rec. 20:29, 1911. 
17. Souter, W. N.: Ophth. Rec. 25:80, 1916. 
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difference of 0.4 mm. in the corneal radius from the average and 
universally accepted normal of 7.8 mm. will make a difference in volume 
change of the fluid displaced by the tonometer foot plate of 11 per cent. 
This, however, in terms of change of millimeters of mercury at normal 
intraocular pressure changes the reading by very little. Tables are now 
being computed for the various ranges in intraocular pressure. 


We hope that a widespread adoption of this principle of tonometry, 
now made clinically available, will stimulate interest and further work 
and above all greater uniformity in this most important ophthalmic 
procedure. 

SUMMARY AND CONCLUSIONS 

Through the work of Friedenwald three of the variables in a 
tonometric reading have been theoretically reduced to constants, namely : 

1. The rigidity of the ocular coats. 

2. The volume of corneal indentation produced by the tonometer 
plunger. 

3. The distortion of the cornea by the tonometer foot plate irre- 
spective of indentation by the plunger. 

The potential accuracy of impression tonometry has thus been greatly 
increased. 

Clinical application of these fundamentally sound principles has been 
made practical by analysis, simplification, recalculation and the presenta- 
tion of a simple numerical chart from which the true intraocular pressure 
without the influence of ocular rigidity may be read when two tonometer 
readings are taken each with a separate weight. 

Representation of the ocular rigidity is included in the chart for 
each pair of readings. 

The need for a tonometer strictly adhering to specifications is pointed 
out, and the desirability of tonometric standardization is stressed. 


A new tonometer ** is presented, designed to minimize reading 
errors, adhering rigidly to fundamental specifications and capable of use 
as a multiple weight instrument according to the directions of Schidtz 
or with the new numerical chart according to the method of Friedenwald. 
It is also, within the natural limits of any multiple weight tonometer, 
a direct reading instrument. 


Appended is a complete formulary, with explanations of the notations 
used. 


18. The tonometer is manufactured by Trainer & Parsons, 228 Post Street, 
San Francisco. 
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APPENDIX 

Friedenwald’s table of computed values for corneal indentation ang 
intraocular pressure with the tonometer resting on the eye (table 2) 
is defined and recomputed as follows: 


TABLE 2.—Computed Values for Corneal Indentation and for Intraocular 
Pressure with the Tonometer Resting on the Eye 








—————= 
Tonometer Area of Radius of 
Seale Depth, Base, Base, Volume, 

Reading Mm. Mm.? Mm. Mm.* 55Gm. 7.5Gm. 10Gm. 15Gm. 
0 0.00 7.75 1.571 0.00 52.2 71.2 94.9 1423 

1 0.05 8.75 1.669 0.41 46.1 63.1 83.4 126.2 

2 0.10 9.75 1.762 0.87 41.5 56.6 75.4 113.1 

3 0.15 10.75 1.850 1.38 37.6 61.3 68.4 1022.6 

4 0.20 11.75 1.934 1.94 34.4 46.9 62.6 93.9 

5 0.25 12.75 2.015 2.54 31.7 43.2 57.6 86.4 

6 0.30 13.75 2.093 3.30 29.4 40.1 53.5 80.2 

7 0.35 14.75 2.170 4.02 27.4 37.3 49.8 74.6 

8 0.40 15.75 2.241 4.77 25.7 35.0 46.7 70.0 

Y 0.45 16.75 2.310 5.57 24.1 32.9 43.9 65.8 

10 0.50 17.80 2.381 6.42 22.7 31.0 41.3 61.9 
11 0.55 18.92 2.455 7.34 21.4 29.0 38.9 58.0 
12 0.60 20.07 2.528 8.31 20.2 27.5 36.6 55.0 
13 0.65 21.25 2.601 9.34 19.0 26.0 34.6 52.0 
14 0.70 22.47 2.674 10.43 18.0 24.6 32.7 49.1 
15 0.75 23.71 2.748 11.58 17.1 23.3 31.0 46.6 
16 0.80 25.00 2.821 12.79 16.2 22.1 29.4 44.1 

7 0.85 26.31 2.894 14.07 15.4 21.0 27.9 42.0 

18 0.90 27.67 2.968 15.42 14.6 19.9 26.6 39.9 
19 0.95 29.05 3.042 16.84 13.9 19.0 25.3 38.0 
20 1.00 30.47 3.115 18.33 13.3 18.2 24.1 36.2 





CotumNn 1.—Tonometer scale readings. 


Cotumn 2.—Depth of the plunger depression in millimeters, equal to 149 of 
the tonometer scale reading. 


CotumNn 3.—Area of the plunger depression nearest the foot plate. 
Below a tonometer scale reading of 5: 
Area =a+bD in which a= 7.75 
b=1 
D = tonometer scale reading 


For a tonometer scale reading of 5 or above: 
Area= (a+ bd)? in which a= 2.92 
b = 2.60 
d = depth of plunger depression in millimeters 


or 
Area = 7 (a+ bd)? in which a = 1.647 
b = 1.467 
d= depth of plunger depression in millimeters 
™ = 3.1416 


CotuMN 4.—Radii corresponding to areas given in column 3: 
0.56419 Va in which A represents the area 
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CoLumMN 5.—Volume of plunger indentation of the cornea: 
V= = (R° + Rr+r?)h in which V = volume 
m® = 3.1416 
R = radius of the area of depression nearest 
the foot plate 
r= radius of the area of depression at the 
base of the plunger; with a tonom- 
eter scale reading above 5, r = 1.64; 
below 5, r= 1.571 
h = depth of depression in millimeters 
CotuMNs 6, 7, 8 and 9.—Intraocular pressure with the tonometer resting on 
the eye, computed as follows: 
Below a tonometer scale reading of 5, Schidtz’ formula in Friedenwald’s 
notation : 


P= 





* 5 in which P = pressure per square millimeter 
a+b 


W = weight used on the plunger 
a=constant 7.75 
b= constant 1 
D = tonometer scale reading 
For a tonometer scale reading of 5 or over, Friedenwald’s formulas: 


P= ThE * 7 in which P = pressure per square millimeter 
az 
W = weight used on the plunger 
a= constant 2.92 
b= constant 2.60 
d= depth of plunger indentation in millimeters 
or 
P= sr in which P, W and d are as in the preceding formula 
a? @ 
a=constant 1.647 
b= constant 1.467 


™ = constant 3.1416 


Pressures in grams per square millimeter are to be multiplied by the factor 
73.5 to convert to millimeters of mercury. The constant a is a value repre- 
senting the radius of the corneal indentation at the base of the plunger. The 
constant b is a value representing the slope of the sides of the corneal indentation. 


The Fick-Maklakoff formula, P = *, in which P and W are as in the pre- 


ceding formulas and A is the area of the corneal depression nearest the foot 
plate, is a completely general formula, and it will be noted that the Schidtz 
method and the Friedenwald method for computation of pressure differ in the 
determination of the value of A. The constants have been computed by Frieden- 
wald from the Schiétz experimental data. 

Divide pressures represented in centimeters of water by the factor 1.36 to 
convert to millimeters of mercury. 

A numerical chart giving the actual intraocular pressure determined for every 
two tonometer readings with the 5.5 Gm. and the 10 Gm. weight and the 7.5 Gm. 
and the 15 Gm. weight was computed from values from which our slightly 
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modified Friedenwald nomogram was made. The computations were made with 
the following formulas: 
P,=M [log Ps— (log Xo—log Xz) tan A] 
Po=M [(log Zo— log Z:) tan A] 
log Ps — log Ps 
log X1 — log X2 
= log Po from which P» in millimeters of mercury is obtained, 


in which tan A= 
Pi — Po 
M 
Symbols : 


P; = ordinate for greater weight. 





P: = ordinate for lesser weight. 
P, = ordinate for zero scale reading. 
P. = ordinate representing actual intraocular pressure without the influence of 
the weight of the tonometer. 
Xo = abscissa for zero scale reading. 
X1= abscissa for tonometer scale reading for lesser weight. 
X.2= abscissa for tonometer scale reading for greater weight. 
Zo = abscissa for zero scale reading, identical with Xo. 
Z: = abscissa for scale reading for values of V+. 
M = scale modulus. 





The coefficient of rigidity, R, is obtained with the formula R = log 1 — toe Po the 
t 


ratio of the difference between two pressures expressed by their common loga- 
rithms and the volume change expressed in linear measure computed by means 
of the abscissas, representing volume change. 


Friedenwald’s table giving the volume of fluid displaced by the 
tonometer foot plate has been recomputed and extended to give this 
value for each pressure in millimeters of mercury at zero scale reading, 
as shown in table 3. 

These values are arrived at as follows: 


Co_tuMN 1.—P, pressure at zero scale reading in millimeters of mercury. 


CotumNn 2.—P:, in grams per square millimeter; divide P; by 73.5, the factor 
for converting pressures in millimeters of mercury to grams per square millimeter. 


CotuMN 3.—W,, the weight of the plunger that would just fail to indent the 
cornea; multiply P: in grams per square millimeter by 7.75. 

Cotumn 4.—W,, the weight of the tonometer at zero scale reading; add 12 
Gm. to We. 


CotuMN 5.—A:, the area of support, or contact area of the foot plate, with 
the cornea at W:; divide Wo by P: in grams per square millimeter. 


CotuMN 6.—R:, radius of the area At; multiply (At)* by 0.56419. 


CotumNn 7.—V: = (vi— vo) in cubic millimeters, the volume of fluid displaced 
by pressure of the foot plate when the resistance to the pressure of the plunger is 
just sufficient to give a zero scale reading. 

vi= volume of the spherical segment formed by an average corneal radius of 
7.8 mm. and a given base. 

Vo= volume of the spherical segment formed by the radius of the foot plate 
(15 mm.) and the same base. 





























TaB_e 3.—V olume of Fluid Displaced by Tonometer Foot Plate 
a 
h Pt, Pr, Wo, Wr, At, Rt, Vt, 
Mm.of Hg Gm./Mm.? Gm. Gm. Mm.? Mm. Mm.* 
18 0.245 1.898 13.979 57.08 4.26 19.48 
19 0.259 2.003 14.003 54.17 4.15 17.34 
20 0.272 2.109 14.109 51.85 4.06 15.74 
21 0.286 2.214 14.214 49.75 3.98 14.38 
22 0.299 2.320 14.320 47.84 3.90 13.20 
23 0.313 2.425 14.425 46.10 3.82 12.18 
24 0.327 2.531 14.531 44.50 3.76 11,28 
25 0.340 2.636 14.636 43.08 3.7 10.53 
26 0.354 2.741 14.741 41.67 3.64 9.71 
7 0.367 2.847 14.847 40.42 3.59 9.09 
28 0.381 2.952 14.952 39.25 3.53 8.61 
29 0.395 3.058 15.058 38.16 3.49 8.11 
30 0.408 3.163 15.163 37.15 3.44 7.65 
of 31 0.422 3.209 15.269 36.20 3.39 7.24 
32 0.435 3.37 15.374 35.31 3.35 6.87 
“ 0.449 3.480 15,480 34.48 3.3 6.53 
34 0.463 3.585 15.585 33.69 3.27 6.22 
0.476 3.690 15.690 32.95 3.24 5.93 
36 0.490 3.796 15.796 32.25 3.20 5.67 
37 0.503 3.901 15.901 31.59 3.17 5.42 
38 0.517 4.007 16.007 30.96 3.14 5.20 
39 0.531 4.112 16.112 30.37 3.11 4.99 
40 0.544 4.218 16.218 29.80 3.08 4.80 
41 0.558 4.323 16.328 29.26 3.05 4.62 
42 0.571 4.429 16.429 28.75 3.03 4.45 
re 43 0.585 4.534 16.534 28.26 3.00 4.29 
44 0.599 4.639 16.639 27.80 2.97 4.15 
a- 45 0.612 4.745 16.745 27.35 2.95 4.00 
1S 46 0.626 4.850 16.850 26.92 2.93 3.88 
47 0.639 4.956 16.956 26.52 2.91 3.74 
48 0.653 5.061 17.061 26.13 2.88 3.64 
49 0.667 5.167 17.167 25.75 2.26 3.58 
le 50 0.680 5.272 17.272 25.39 2.84 ‘3.44 
is 52 0.707 5.483 17.483 24.71 2.80 3.24 
54 0.735 5.694 17.694 24.08 2.77 3.07 
g, 56 0.762 5.905 17.905 23.50 2.74 2.92 
58 0.789 6.116 18.116 22.96 2.70 2.77 
60 0.816 6.327 18.327 22.45 2.67 2.66 
62 0.844 6.537 18.537 21.98 2.64 2.54 
64 0.871 6.748 18.748 21.58 2.62 2.43 
66 0.898 6.959 18.959 21.11 2.59 2.34 
68 0.925 7.170 19.170 20.72 2.57 2.25 
or 70 0.952 7.381 19.381 20.35 2.55 2.17 
a 7 0.980 7.592 19.592 20.00 2.52 2.09 
Ks 74 1,007 7.803 19.808 19.67 2.50 2.02 
™ 76 1.03 8.014 20.014 19.36 2.48 1.95 
7 1,061 8.224 20.224 19.06 2.46 1.89 
80 1.088 8.435 20.435 18.78 2.44 1.83 
12 82 1.116 8.646 20.646 18.51 2.43 1.78 
84 1.143 8.857 20.857 18.25 2.41 1.73 
86 1.170 ° 9.068 21.068 18.01 2.40 1.69 
a8 1.197 9.279 21.279 17.77 2.38 1.64 
th 90 1.225 9.493 21.493 17.55 2.36 1.60 
95 1.293 10.017 22.017 17.08 2.33 1.50 
100 1.361 10.544 22.544 16.57 2.30 1.42 
105 1.429 11.071 23.071 16.15 2.27 1.34 
110 1.496 11.598 23.600 15.77 2.24 1.28 
ed 115 1.565 12.126 24.126 15.42 2.22 1.22 
is 120 1.632 12.653 24.653 15.10 2.19 1.18 
125 1.701 13.180 25.180 14.81 2.17 1.13 
of 130 1.7 13.707 25.707 14.53 2.15 1.08 
135 1.837 14.235 26.235 14.28 2.13 1.05 
140 1.905 14.762 26.762 14.05 2.11 1.01 
te 145 1.973 15.289 27.289 13.83 2.09 0.98 
150 2.041 15.816 27.816 13.63 2.08 0.95 
£ 
4 
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V+ is found by the formula: 


ror 





1 
(vi—vo) in whichyi=* [ én — ae > #)*°. [= are Z a 
in which d= 2R, 
r1= 7.8mm. 
ri= 15 mm. 


1 


and vo= [ 2re — (ne — a 2 [= - ae a)? ] 


We have preferred this formula to the suggested one involving the 
cosine of the angle subtended by the base of the segment at the center 
of the sphere as it does not necessitate tedious interpolation of 
trigonometric values. Computations are therefore less laborious and less 
liable to error. 

Wherever possible in these formulas and their definitions the nota- 
tions of Friedenwald have been used. 

In explanation of the modification of the original Friedenwald 
nomogram, we felt that it might be less confusing if we used the same 
rather than different logarithmic ratios for both ordinates and abcissas. 
We found it simpler to calculate our numerical chart by following this 
procedure and have been able to show the entire pressure range from 
0 to 150 without unduly extending the nomogram. 

A graphic representation may be made with any degree of expansion 
or contraction in either or both directions on coordinate paper whether 
logarithmic or otherwise, provided a consistent ratio is used in the 
calculations represented. 

On the modified nomogram twenty divisions divided logarithmically, 
representing tonometer scale readings between 1 and 3 on the logarithmic 
scale, have exactly the same spacing as twenty divisions representing 
pressure readings between 1 and 3 on the logarithmic scale. 

For the purpose of calculating our numerical chart we have used for 
the ordinates the ratio a in which y is a pressure reading on the 
chart. For example, this means that for mathematical purposes a pres- 
sure reading of 10 would be equivalent to 2 on the logarithmic scale; 30 
would be equivalent to 4 on the logarithmic scale, etc. The ratio 
- —— , in which x is a tonometer scale reading, is the same as for the 
ordinates; for example, a tonometer scale reading of 10 would be 
equivalent to 2 on the logarithmic scale of tonometer scale abscissas, 
etc. As the scale for volume change is reversed in direction, it bears 
the same relation to the pressure scale ordinates and tonometer scale 
abscissas by the ratio re , in which z is a volume change reading. 
For example, a volume change of 10 would be equivalent to 2 on the 
logarithmic scale of volume change abscissas. This method makes 
the chart self consistent, and the same scale modulus may be used for 
both ordinates and abscissas. 


384 Post Street. 




















be eS cee 





HARRINGTON-PARSONS—TONOMETRIC STANDARDIZATION 879 


ABSTRACT OF DISCUSSION 


Dr. Jonas S. FRIEDENWALD, Baltimore: The authors’ substitution 
of the use of a numerical table for the graphic method of calculating 
ocular pressure and rigidity, which I had previously proposed, has much 
to be said for it in respect to convenience. I should like, however, to 
insert one word of caution. Such a table of numbers may readily give 
a false sense of exactitude. If one is computing the ocular pressure 
and the rigidity with the aid of the graph one readily appreciates how 
much of an effect on the measurement an error of half a tonometric 
scale unit can make and thus becomes aware of the range of probable 
error in the measurement. A false sense of exactitude may dangerously 
becloud clinical judgment. Naturally, with a conscious effort the same 
awareness of the probable error of measurement can be achieved when 
one is using the numerical table, and perhaps this warning will suffice. 

In attempting to set up a numerical measure of ocular rigidity I 
showed that a given change in the volume of an eye is always associated 
with a proportionate change in intraocular pressure. The proportionate 
change in volume varies from eye to eye, depending on the rigidity of 
the ocular coats. This relation can be expressed by the equation 


log P, — log P, = C + R (V, — V,), 


in which P,, V, and P,, V, represent pairs of pressure and of volume 
measurements, while the value of R varies from eye to eye, being greater 
when the eye is more rigid and less when the eye is more distensible. 
It seems proper, therefore, to call R the coefficient of rigidity. When 
the logarithms are the usual ones computed to the base of 10 and the 
volumes are measured in cubic millimeters the value of R determined 
has a precise physical meaning. It is the logarithm of the proportionate 
change in pressure produced by 1 cu. mm. change in volume. With the 
nomogram which I used for graphic determination of the rigidity from 
tonometric readings and with the similar chart which the authors have 
prepared it is important to be aware of the scale on which the chart has 
been drawn. Since the range of pressures involved extends only slightly 
beyond a minimum of 10 mm. of mercury and a maximum of 100 mm., 
approximately 1.5 log units covers the height of the chart. The total 
range of volume changes covered by the charts, on the other hand, is 
about 50 cu. mm. Ii the charts had been drawn to a scale such that 
a horizontal distance representing 1 cu. mm. would be as great as a 
vertical distance representing a tenfold change in pressure the charts 
would have been about forty times as wide as they are tall. Such short 
fat charts would be neither easy to use nor printable on ordinary-shaped 
pieces of paper. Consequently, in drawing these charts the horizontal 
scale was shrunken by a factor of 25. In assigning a numerical value 
to a line of a particular slope on the charts, this factor of distortion in 
scale has of course been taken into account, so that the numbers given 
have genuine physical meaning. 

The authors have suggested that instead of this measure of rigidity, 
to which a precise physical meaning can be assigned, another be taken 
which they define as the angle of slope of the determined line measured 
in degrees on the shrunken chart. The relation between the rigidity 
coefficient and this angle is that the rigidity coefficient is 4%; of the 
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tangent of the angle on the shrunken chart. This is a relation deyoid 
of any genuine physical significance, because the factor of 25 involved 
has been determined arbitrarily by esthetic considerations having to do 
with the shape of the ordinary printed page and having nothing whatever 
to do with the physical status of the eye examined. I think it proper 
to protest vigorously against the substitution of a scale of rigidity which 
has no precise physical meaning for one which has such a physical 
meaning. 

But this is not all. For further esthetic considerations the authors 
have chosen to plot on their chart not the logarithms of the actual intra- 
ocular pressures but those of these pressures enhanced by an arbitrary 
amount (10 mm. of mercury). At high pressures this introduces only 
a small change in the ratio of two pressures being compared, but at low 
pressures the change in the ratio resulting from this arbitrary addition 
may be considerable. The authors present no reason for this arbitrary 
change in their method of measurement. Suppose one had a tonometer 
which differed in diameter of the plunger from that which they have 
used. How would the authors propose to correlate determinations of 
rigidity with two such different instruments ? 

I have had the opportunity to see a photograph of Dr. Harrington's 
tonometer and have been much impressed with its appearance. I have 
not had an opportunity to study the instrument itself and should there- 
fore prefer to reserve judgment about it. There can be no doubt, 
however, that the authors are decidedly on the right track. The 
slovenliness in construction of Schiotz type tonometers sold at a sub- 
stantial price in this country is really shocking. I once weighed half 
a dozen instruments all produced by the same manufacturer and found 
variations of 2 Gm. or more in the weight of the parts which rest on 
the tonometer foot plate and of over 1 Gm. in the weight of the plunger 
and the lever arm. It would seem that the manufacturer is unaware 
that the mark 5.5 which he has engraved on the instrument means 
5.5 Gm. 

In addition to these matters of gross negligence, the construction of 
the Schidtz tonometer is one that tends to make the plunger stick in 
its collar. The average frictional resistance in brand-new instruments 
which I have measured amounts to about 1 Gm. The reason for this 
large amount of friction is simple. If one looks at the under surface of 
the lever arm one will find that the plunger has gouged a little pit there. 
I have found such pits on new tonometers freshly delivered from the 
manufacturer. The point of the plunger fits into this pit as it moves 
the lever arm up and down. Since this fixed point of contact between 
the plunger and the lever arm must rotate about the fulcrum of the 
lever arm, in some positions the tip of the plunger is deviated away 
from the vertical axis of the instrument. Such a tipping of the plunger 
interferes with its free movement in the collar which surrounds it. 

Some years ago I asked Professor Morley, of the mathematics depart- 
ment at Johns Hopkins University, for possible solutions of the 
mechanical problem of converting a linear motion into a rotation, with 
the proviso that the moving parts must rock or roll on one another 
without slipping. Professor Morley produced a general solution of 
this problem, which I shall not attempt to expound. The two simplest 
examples of the application of this general solution, however, are not 
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without interest. The first is the arrangement of rack and pinion as 
shown in A of the accompanying illustration. This has been used in 
the Bailliart, the McLean and other tonometers and, I believe, in the 
Harrington and Parsons instrument. While the rack and the pinion 
roll without slipping, the necessity for cogs or for pressure contact leaves 
a considerable source of friction. The second application of the solution 
is that shown in P of the illustration. The radius of curvature of the 
concave surface must be equal to the distance from the fulcrum of the 
lever arm to the axis of the plunger. The radius of curvature of the con- 
yex surface must be one-half this distance. 

A model tonometer constructed on this plan revealed a 90 per cent 
decrease in friction, particularly when the surface of contact was dusted 
with talcum powder. In fact, the friction was so greatly reduced that 
the lever arm flapped widely with each pulse beat. This is undesirable 
in a tonometer but may afford some useful hints to any one who wishes 
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A, arrangement of rack and pinion. B, second application of general 
solution. 


to construct an ocular plethismograph. A damping of the rapid oscil- 
latory movements may be achieved without increasing the friction for 
slow movements if a viscous oil instead of talcum powder is placed on 
the surface of contact. This solution of the problem of excessive friction 
is of course not unique. Many other equally frictionless constructions 
are possible. 

I believe that the authors will agree with me in the assertion that 
standardization of the tonometer should include rigorous definitions 
of the permissible variations from the standard. I should like to suggest 
such a set of requirements for an acceptable tonometer : 

1. Variations in the weight of the parts which rest on the foot plate 
should be less than + 0.2 Gm. 

2. Variations in the weight of the plunger with the lever arm resting 
on it should be less than + 0.05 Gm. 

3. Friction should be less than that overcome by 0.05 Gm. 

4. Pulsations should be damped. 
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5. The scale should be readable to one-half the present unit, 

Further desiderata are as follows: 

The scale should be close to the eye, as in the McLean tonometer. 
The center of gravity of the whole instrument should be low. The 
plunger should have the concave end and variable weight of the Schistz 
model rather than the convex end of the Schiotz X model and of the 
McLean instrument. In addition, the instrument should be rugged and 
easily disassembled for cleansing, with its more delicate moving parts 
enclosed and protected. It should be reasonably inexpensive. 

It is evident that many of these requirements are fulfilled by the 
instrument shown. 

Dr. T. L. Terry, Boston: In reviewing the literature on tonometry 
one is impressed by the relative paucity of original studies and of new 
developments in this difficult field. The perfect solution of the problem 
of determining actual intraocular pressure as a clinical test lies in the 
development of the best substitute for manometric determination, a 
solution which would require in combination a physiologist, a physicist 
and an expert mechanic skilled in the minute accuracies of the watch 
maker. Harrington and Parsons are to be complimented for designing 
a new impression tonometer and for explaining its apparent superiority 
with broad consideration of the many obstacles incident to tonometry, 
Such work as theirs requires the utmost patience, time and skill. 

It would not be difficult to raise objections and criticisms, chiefly 
because impression tonometry, or for that matter any form of tonometry, 
is through necessity not scientifically accurate, especially if the tension 
reading is taken directly in terms of intraocular pressure. Perhaps the 
foot plate is not curved in the best form; perhaps the plunger should 
be larger or smaller for best results. The instrument, however, will be 
its own best critic once it has been tested thoroughly by critical clinicians, 
This instrument is well worthy of such a trial before any objections are 
to be considered. 

The plea for standardization made by the authors and by Friedenwald 
is most important. On a percentage basis the authors found a variation 
of 10 to 14 per cent in the weight, the diameter of the foot plate and the 
pressure obtained by use of various weights in different Schiotz 
tonometers. This variation should not be tolerated. It explains why 
the Schidtz tonometer readings taken with different instruments on 
the same patient are so different, and it is valid proof of the often 
repeated statement that one must establish the norm of one’s own 
tonometer through tonometric readings on many patients with normal 
and with abnormal pressure. 

Friedenwald’s work to determine ocular rigidity as a means for 
interpretation of the intraocular pressure as shown by the tonometric 
reading is an important contribution, and it is pleasing to see that other 
experts on tonometry have confirmed his findings sufficiently to be in 
accord. Further observations may show that determinations of changes 
in ocular rigidity will lead to early recognition of the pathologic bases 
for the formation of scleral staphylgma, of keratoconus and of progres- 
sive myopia, since all these deformities may be preceded by specific 
changes in ocular rigidity or may be accompanied with such changes 
before the stresses of life have caused their full development. To be 
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more specific, however, even though the authors have stated “We have 
made a searching analysis of Friedenwald’s work and are entirely in 
agreement with his theory and his conclusions,” I should like to ask if 
they mean that they did observe the same changes in ocular rigidity 
with age and with ocular disease. 

Although the authors included a large number of formulas in the 
appendix to their paper and although Friedenwald also used complicated 
and important formulas in his paper on tonometry, neither Friedenwald 
nor the present authors have given in this discussion any formula. It 
is now necessary for the least mathematical of the speakers to introduce 


ia: 
a formula 6 inal 


d represents coefficient of difficulty. 

e represents embellishments and elaborations added to the simplest form of 
impression tonometry. 

n may be 1, or unity, in simple modifications, such as the addition of a spirit 
level to show that the instrument is being held vertically. 

n may be much greater than 1 when the embellishment would alter the design 
or the readings of the instrument. For instance, one may imagine an instru- 
ment with two plungers and two weights so that from two simultaneous read- 
ings the ocular rigidity could be obtanied. Further, it is possible, but most 
probably impractical, to design a foot plate for each patient on whom 
tonometry is desirable so that the foot plate will exactly fit the cornea. 


True, the Schiotz type of instrument is the most popular and does 
seem to be the most satisfactory; yet if as much time and effort were 
spent on study and use of the other general types, as represented by 
the Souter, the aplanation and the recoil tonometer, perhaps they would 
be found as good or better. 

To me elaborations of the Souter tonometer seem important, since 
this instrument can be used with the patient in a sitting position, the 
foot plate being eliminated. It gives the least distortion of the eyeball, 
a point perhaps of clinical value, since rigidity, expulsion of fluid from 
the eye and compression of the orbital tissues behind the eye are minimal. 
The dangers of use of this instrument lie in the fact that there is no 
standard by which two observers can obtain identical results, that there 
are no criteria by which the amount of deformity can be determined 
quantitatively so that the two readings from application of different 
amounts of pressure can be made to determine the amount of ocular 
rigidity to be reckoned with and that readings made under artificial 
illumination are apt to be unreliable. After I had gained confidence in 
the use of the instrument under such illumination, a relatively disastrous 
diagnostic error led me to give it up in favor of the Schiétz instrument 
as the tonometer of choice. Although I have had no personal experience 
with the aplanation tonometer, surely further refinements in this type 
of instrument—particularly in the development of a method of accurate 
teading—may prove it an instrument of great clinical value, especially 
for determination of the coefficient of ocular rigidity and perhaps 
especially in instances in which the rigidity is markedly low. 

The recoil tonometer if refined for routine clinical use may, on the 
other hand, be the instrument of choice when one wishes to obtain 
accurate measurements of the pressure or the rigidity of eyes of higher 
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pressure or of greater rigidity or both. In other words, it may be found 
that tonometers based on different types are to be preferred for deter- 
mining the rigidity or the pressure at different levels. 

It is my hope that the findings of Harrington and Parsons will be 
substantiated and that the ophthalmologist will find that the new tonom- 
eter is all that it appears to be—superior not only to other impression 
tonometers but to other types of tonometers. 

May I stress again the importance of tonometric standardization, 
Should ophthalmologists not insist on this standardization as much as 
on standardization of test letters and of nomenclature ? 

Dr. Davin O. HARRINGTON, San Francisco: I have realized that the 
subject is a controversial one and have pointed out this fact. I purposely 
did not go into higher mathematics or derivation of formulas used in 
computing the numerical chart, as I felt that any one sufficiently interested 
would go to the appendix for this. 

The slope of the angle in degrees of arc was chosen to represent 
numerically the ocular rigidity for two reasons: First, the slope of an 
angle in degrees of arc can be readily visualized by every one and 
furnishes ninety easily understood intervals rather than the much smaller 
number furnished by other suggested methods. Second, the angle 
itself in general contains all the factors represented in the formula 
for ocular rigidity, as it is the same angle that connects the abscissa for 
volume displacement with the values for pressure change, and in par- 
ticular when the proper values are given to the base and to the perpen- 
dicular in graphic representation and trigonometric computation. 

It is our impression that very few observers would pause even to 
consider the physical significance of any of these figures on a purely 
numerical chart representing nothing more than end points. The 
average worker judges rather by relative values only, and if relative 
values were maintained any purely arbitrary set of figures would serve 
as well as either Friedenwald’s method or ours. 

It is obvious, as Dr. Friedenwald has pointed out, that too much 
accuracy should not be attributed to any tonometer and that tonometric 
measurement can in no sense be compared to manometric measurement 
of intraocular pressure. At the same time the present state of affairs in 
tonometry makes it highly advisable to standardize the procedure to 
obtain a maximum of accuracy. The elimination of friction in the new 
instrument has been discussed at length in the paper. We have reduced 
it to a minimum by jeweling all pinions of moving parts, and whatever 
residual friction remained has been absorbed by the method of measuring 
the downward force of the plunger and its parts rather than the weights 
themselves. I agree with Dr. Friedenwald that a definition of specifica- 
tions should be given and adhered to, and we have done this in the article. 

In answer to Dr. Terry’s discussion, all the measurements of the 
tonometer are based on the experimental findings of Schidtz. These 
findings were used because the Schiétz method of tonometry has had a 
wide clinical application for many years and the findings are based on 
generally accepted experimental data. Introducing a new set of figures, 
diameters, radii and scales would have confused the issue rather than 
simplified it. The whole object in presenting the paper has been to 
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standardize the procedure of tonometry to a system which all ophthal- 
mologists will be able to employ with a minimum of effort, using the 
data most widely recognized as accurate. 

With regard to the importance of ocular rigidity as a variable factor 
in tonometric measurements, we have felt with Dr. Friedenwald that this 
factor is extremely important and variable. He has investigated a large 
number of eyes by his method and has found clinically that ocular 
rigidity shows considerable variation. We have done the same with the 
new tonometer on a series of normal eyes of persons of different ages. 
Iam of the impression that there is an increase in ocular rigidity which 
bears a relation to the age of the patient and possibly even to the changes 
in accommodation which occur with increasing age. 

Many careful computations will have to be made before these iactors 
have been proved. 

The point introduced by Dr. Terry of attaching a spirit level to the 
tonometer for the better gaging of the accuracy of application is well 
taken. Inadvertently we have done something of this sort with our own 
instrument. The foot plate of the tonometer is of transparent plastic, 
the upper surface having the curve of a convex lens. When the tonom- 
eter is applied to the cornea one is able to see a circle of fluid beneath 
the foot plate, and if this circle is centrally placed it indicates accurate 
central and vertical application of the tonometer; in other words, it 
serves the same function as a spirit level. 

As to the question of reading errors in the Souter tonometer, we 
have examined a few instruments of this type, but, have not given 
them serious consideration, primarily because the Souter tonometer is a 
single weight tonometer and, as pointed out in the paper, cannot be 
used, as can the Schiétz and our instrument, for demonstration of the 
coefficient of ocular rigidity. It is also a spring instrument, the spring 
introducing inevitable inaccuracy. 
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I. INTRODUCTION 


The human eye manifests marked alterations in many of its functions 
when the supply of oxygen is inadequate. In fact, all the organs of the 
body are affected by variations in the tension of oxygen or of carbon 
dioxide, although certain ones appear to be more sensitive than others. 
The brain, for example, is more sensitive to anoxia than the smooth 
muscles, and the cortex appears to be more sensitive than other portions 
of the brain. It has been demonstrated in animals by Heymans and 
Bouckaert (1935) and others that cortical tissue does not recover its 
function if it is deprived of oxygen for more than five to eight minutes. 
In certain other parts of the brain and spinal cord irreversible changes 
do not occur for periods as long as twenty to thirty minutes. Smooth 
muscle can apparently go without oxygen for hours and still survive. 
One might therefore expect the retina to be especially sensitive to oxygen 
deprivation, since it is developmentally an extension of the brain and 
resembles it both histologically and functionally. 

An analysis of the effects of anoxia on the eye might lead to a better 
understanding of the functions of the visual mechanism. Impaired 
oxidation is believed to form the basis of certain pathologic conditions 
of the eye. Moreover, an understanding of the effects of anoxia on vision 
is of clinical importance in aviation and in the understanding of certain 
ocular defects observed in inhabitants of high altitudes. In this paper an 
analysis will be made of the effects of oxygen deficiency on visual func- 
tions chiefly from the point of view of ophthalmology. 


II. PHYSIOLOGIC EFFECTS OF OXYGEN DEPRIVATION 
The normal atmosphere at sea level contains 20.93 per cent oxygen. 
There is no appreciable alteration of this percentage at even the highest 
From Harvard University, Morgan Hall, Soldiers Field, Boston, and the 
Long Island College of Medicine. 
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altitude reached by man—73,000 feet (about 22,000 meters). The total 
atmospheric pressure, however, diminishes with increasing elevation. 
Therefore, the partial pressure (or absolute concentration) of oxygen 
decreases to a proportionate extent. Below about 30,000 to 35,000 feet 
(about 9,100 to 10,600 meters) the important variable concerned with 
physiologic changes at high altitudes is not the total atmospheric pressure 
but the partial pressure of oxygen. This was demonstrated by Paul 
Bert and later investigators, who showed that no physiologic or psycho- 
logic impairment occurs with low pressure if the subject is supplied 
with an adequate amount of oxygen. The essential feature of high 
altitudes, i. e. diminished partial pressure of oxygen, can be simulated 
at sea level by reducing the relative concentration (percentage) of 
oxygen in the inspired air. This may be done by diluting the air with 
nitrogen. The subject can be exposed to low oxygen mixtures in a 
chamber, or these may be supplied to him through a mouth piece or mask. 
Rebreathing devices, in which the subject consumes the oxygen of a fixed 
volume of air, may be used to lower the oxygen tension. By the use of 
low pressure chambers the atmospheric conditions encountered at high 
altitudes may be exactly reproduced. 

Most chemical variables of the blood are rendered relatively indepen- 
dent of environmental changes by numerous buffer systems. Variations 
in temperature, for example, can be large without producing permanent 
damage. This is not true, however, in the case of oxygen. There is no 
storage unless the splenic reservoir is considered a means of storage. 
Even at moderate altitudes, such as those encountered in an airplane 
ascent, various adaptive mechanisms begin to function immediately. 

The most important physiologic changes during relatively short expo- 
sures to a diminished partial pressure of oxygen are as follows: (a) 
stimulation of the respiratory center and an increase in pulmonary 
ventilation; (b) a decrease in the alveolar oxygen and the carbon 
dioxide tension; (c) dilatation of the alveoli, favoring a more efficient 
respiratory exchange; (d) an initial increase in heart rate and blood 
pressure and an increase in cardiac output; (¢) an increase in the amount 
of hemoglobin in the circulation; (f) a decrease in the arterial oxygen 
saturation associated with the fall in alveolar oxygen. tension; (g) 
changes in the acid-base balance, the initial effect being alkalemia asso- 
ciated with the excess elimination of carbon dioxide. Sudden and 
extreme anoxemia depresses the activity of the respiratory center so 
that a delayed effect may be the retention of carbon dioxide and con- 
sequently an acid reaction in the blood. The severity of the reactions 
to a high altitude is dependent on the following variables: (1) the 
height attained, (2) the rate of ascent, (3) the duration of exposure, 
(4) the amount of physical exertion and (5) the physiologic charac- 
teristics of the person, such as his age, physical fitness and tolerance 
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due to repeated ascents, and the amount of fatigue present, of sleep 
experienced and of alcohol consumed previous to the experiment or 
ascent. Authoritative discussions of the physiologic changes associated 
with anoxia may be found in the works of Haldane and Priestley (1935), 
sarcroft (1925), Loewy (1932), Peters and Van Slyke (1931) and 
Dill (1938). 


III. PSYCHOLOGIC CHANGES ASSOCIATED WITH ANOXIA 

The alterations in behavior due to oxygen want (McFarland, 1938 
and 1939) follow closely the severity of the physiologic changes, indi- 
cating that sensory and mental functions depend directly on the velocity 
of certain chemical ones. The significant effect is due to the impairment 
of the oxidative processes in the nervous tissue. The psychologic 
changes due to anoxia are sufficiently great at 10,000 to 12,000 feet 
(about 3,000 to 4,000 meters) to be objectively measured by certain 
sensory, motor and mental tests. At moderate altitudes the impairment 
may be partially concealed by the exertion of greater effort. The tests 
which give the most satisfactory results are those in which the subject 
is unaware of how well or how poorly he is responding and which are 
relatively free from practice effects. The average person may be sub- 
jectively aware of certain physiologic changes, such as headache, altera- 
tions in breathing, motor incoordination, increased distractibility and 
lethargy. If the anoxia is produced suddenly and reaches an advanced 
stage, simulating that at altitudes of 20,000 to 25,000 feet (about 6,000 
to 7,600 meters ), the effects may be insidious and completely unobserved 
subjectively. At the more moderate altitudes of 15,000 to 18,000 feet 
(about 4,600 to 5,400 meters) there may be a feeling of well-being but 
this gradually passes, almost unnoticed, into sensory dulness and mental 
lethargy. In spite of obviously foolish reactions, the subject may feel 
confident that his mind is clear and his judgment sound, as is frequently 
the case in alcoholic intoxication. In the advanced stages of anoxia 
there is marked impairment in judgment, in memory, in emotional 
stability and in the functioning of the special senses. There appears 
to be a definite order in which the sensory and motor changes occur. 
Certain visual disturbances, fine tremors and motor anomalies are 
observed early, while hearing is maintained until the final stages of 
anoxia. 


IV. ALTERATIONS IN VISUAL FUNCTIONS DUE TO ANOXIA 


The first systematic studies of the effects of oxygen lack on certain 
visual functions were made by Wilmer and Berens (1918) in testing 
the aptitude of pilots for high altitude flying during the first World War. 
Standard visual tests were given to a large number of normal and of 
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defective subjects in the low pressure chamber as well as during expo- 
sures to oxygen deprivation with the rebreathing apparatus. The find- 
ings were reported in a series of papers in the “Air Service Medical 
Manual” and in medical journals (Wilmer, 1919; Berens, 1923; Sauer, 
1924 and Penichet, 1922). A large part of the recent literature 
has appeared in foreign periodicals, and with few exceptions the work 
has not been carefully controlled. Only a small amount of research 
work has been carried out in this field in the United States. In recent 
years the growth of civil and military aviation has given rise to a renewed 
interest in the problem. The contributions reviewed briefly hereafter 
have brought the knowledge of the ophthalmic changes in anoxia to its 
present state. The findings indicate that the effects of oxygen depriva- 
tion on many visual functions provide significant data for the 
ophthalmologist. 

As indicated previously, the retina is closely related to the brain— 
embryologically, morphologically and physiologically. According to 
Krause (1934): “The metabolism of the retina is similar to that of the 
brain, and not of other tissues. This is to be expected since the retina 
is anatomically a part of the brain. Weinstein [1932] reported that in 
the retina and brain the oxygen consumption and carbon dioxide produc- 
tion aerobically and anaerobically are similar.” Nervous tissue has been 
shown to be particularly sensitive to a deficit of oxygen. It is con- 
sequently not surprising that investigation of certain functions that 
involve the retina has revealed that these also manifest extensive changes 
on exposure of the subject to low oxygen tension. Certain visual charac- 
teristics, such as sensitivity to light, are affected more easily than others, 
such as visual acuity or size of the visual fields. It has not been possible 
to determine to what extent the effects of anoxia on vision are due to 
alterations in the central nervous system and to what degree the sense 
organ itself is affected. There is an increasing amount of evidence from 
data such as those reviewed here, however, which seems to indicate that 
the neural components of the retina and of the brain are more extensively 
involved than was originally supposed, even in such characteristics as 
sensitivity to light and visual acuity. 

1. Visual Sensitivity: Light Sense and Dark Adaptation—One of the 
most direct and fundamental tests of visual functioning consists in mea- 
surement of sensitivity to light, i. e. the light threshold, or the intensity 
of light which is just sufficient to be perceived subjectively. The deter- 
mination of the light threshold over a stated time interval in the dark 
indicates the occurrence of a gradual increase in sensitivity traditionally 
classified as dark adaptation. 

Pilots have frequently reported a general darkening of the visual 
field while flying at great heights without oxygen (18,000 feet, or about 
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5,400 meters, and above). In Douglas bag or rebreathing experiments 
in the laboratory various observers have noticed a dimming of the lights 
during sudden exposure to partial pressures of oxygen simulating those 
at altitudes of from 12,000 to 14,000 feet (about 3,600 to 4,200 meters) 
and a marked increase in the brightness of lights on being quickly 
changed back to room air. A number of studies have been made of this 
phenomenon with rather crude experimental technics. More recently 
it has been subjected to precise measurement with a special adaptation 
of the biophotometer and with the Hecht adaptometer, the usual pro- 
cedures being employed. In relatively crude experiments with an optical 
wedge, Wilmer and Berens (1918) found that during the rebreathing 
test the light sensitivity showed an improvement in 25.9 per cent of their 
subjects, no change in 44.5 per cent and a decline in 29.6 per cent. With 
a similar apparatus used during trans-Pacific flights at 11,000 to 12,000 
feet (about 3,300 to 3,600 meters) McFarland and Edwards (1937) 
observed a decrease in light sensitivity in most of the subjects. 

Dark adaptation under conditions of oxygen deprivation has been 
fairly extensively studied abroad. Tanaka and Sekiguchi (1935) exposed 
12 normal subjects to low pressure and tested their sensitivity with a 
Nagel adaptometer. They reported a decrease in dark adaptability which 
was proportional to altitude and which could be counteracted by admin- 
istration of oxygen. They found that during prolonged exposure to a 
pressure corresponding to that at 3,000 meters (about 10,000 feet) the 
sensitivity tended to return toward normal. At 4,000 meters (about 
13,000 feet), on the other hand, continued exposure resulted in further 
deterioration. 

Fischer and Jongbloed (1935) studied the dark adaptation of 2 sub- 
jects in a low pressure chamber. They measured the time in darkness 
after exposure to a bright light which elapsed before a lamp of standard 
intensity could be perceived through various filters. They did not obtain 
either the final threshold or the recovery curve. On the basis of their 
criteria they reported a slight “delay” of dark adaptation at 3,000 meters 
(about 10,000 feet) and a marked “delay” at 6,000 meters (about 20,000 
feet). They interpreted this change as “ . . . the physiological 
expression of interference with the regeneration of the photosensitive 
substance of the retina.” Further studies have shown that this inter- 
pretation is probably erroneous. Bunge (1936) administered low oxygen 
mixtures (8 to 11 per cent of oxygen) to 7 subjects by means of an 
artificial respiration apparatus and measured their dark adaptation with 
the Engelking-Hartung instrument. He found that after complete dark 
adaptation in normal air, exposure to a low oxygen mixture resulted in a 
decrease of retinal sensitivity. Since this change took place in a dark- 
adapted subject, destruction of visual pigments, or a delay in their regen- 
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eration, could hardly have been involved. Moreover, administration of 
oxygen resulted in a return of retinal sensitivity at a rate which was 
more rapid than could be accounted for by regeneration of the visual 
purple. Vishnevskiy and Tsyrlin (1935, 1936) found that a lowered 
atmospheric pressure produced a decrease not only in the light sensitivity 
but in the electrical excitability of the eye. They concluded that since 
the latter does not involve the photochemical system anoxia has its effect 
primarily on the neural tissue of the visual mechanism. Clamann (1938) 
expressed the belief that an extraretinal process is involved because in 
his studies on 3 subjects monocular thresholds were affected differently 
from binocular thresholds. 
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Fig. 1—Alterations in dark adaptation under reduced oxygen tensions. Com- 
posite curves representing data for 20 subjects are presented. Intensity thresholds 
(minimum visible light intensities) are plotted in relation to time after exposure 
to a bright light. The higher the threshold the less is the sensitivity of the 
visual mechanism. As the oxygen tension is diminished the entire curve is dis- 
placed upward along the intensity axis of the graph, indicating impaired sensitivity. 
After enough time had elapsed at 15,100 feet (about 4,600 meters) so that no 
further change in sensitivity took place, oxygen was administered. The light 
sense then returned to normal in about three minutes. (From McFarland and 
Evans, 1939.) 


An extensive study of light sensitivity was made by McFarland and 
Evans (1939) with a biophotometer specially adapted so that precise 
measurements could be obtained for experimental purposes. Twenty 
subjects were tested at altitudes varying from 7,400 to 15,100 feet (about 
2,200 to 4,600 meters) simulated in a low oxygen chamber. Figure 1 
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shows the composite dark adaptation curve at each altitude as well as 
the effects of giving oxygen at the end of the experiment. The thresholds 
are plotted against time in darkness. Elevation of the curve signifies 
decreased sensitivity. Even at 7,400 feet the mean threshold rise was 
0.1 logarithmic unit. At this altitude, therefore, the test light had to be 
made about one and one-fourth times brighter than under normal con- 
ditions in order to, be seen by the subject. At 15,000 feet (about 4,500 
meters) the thresholds rose an average of 0.4 logarithmic unit. In other 
words, a light intensity two and one-half times normal was required in 
order to be seen. The shape of the curves is apparently not altered; 
hence the rate of adaptation is not affected. When oxygen was given, 
complete restoration of retinal sensitivity took place in a few minutes, 
McDonald and Adler (1939) found changes of a similar order of 
magnitude with the Hecht adaptometer. They observed that anoxia 
causes an equal elevation of the rod and of the cone threshold, whereas 
vitamin A deficiency produces a greater change in the rod threshold. 
They suggested this as evidence that different mechanisms are involved 
in the two cases. 

In experiments with the Hecht adaptometer, McFarland and Forbes 
(1940) found that oxygen deprivation and hypoglycemia have similar 
and additive effects on dark adaptation. Moreover, administration of an 
excess of either oxygen or dextrose serves to diminish greatly or to com- 
pensate for a deficiency of the other substance. It is well recognized 
that the brain is less able to burn fats and proteins than other parts of 
the body, and dextrose appears to be the main metabolic substrate. 
A reduction in blood sugar, therefore, would be expected to reduce the 
oxidation in the brain and if sufficiently advanced could impair sensory 
and mental functions in the same way as anoxia. In both cases there is a 
reduction in oxygen in the nerve tissue; so oxidation should be increased 
by giving dextrose in the case of anoxia and oxygen in the case of hypo- 
glycemia. This hypothesis was tested by using thresholds of light sen- 
sitivity as criteria for decreased or increased sensitivity. The blood 
sugar was lowered by injecting insulin, and then the oxygen tension was 
increased. On other occasions the authors exposed subjects to low 
oxygen tension and then increased the blood sugar. Figure 2 shows 
that when the blood sugar was lowered by insulin the thresholds 
increased ; then the subjects inhaled oxygen from a cylinder, and the 
thresholds returned to normal ; when the subjects were returned to room 
air the thresholds again rose, and, finally, when the subjects ingested 
dextrose normal sensitivity returned. In other experiments the com- 
bined effects of anoxia and hypoglycemia produced striking impairment. 
It is suggested that a deficiency of either substance (dextrose or oxygen) 
interferes with oxidative processes which are essential to neural func- 
tioning and consequently to vision. 
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The results relating to the effect of variations in blood sugar content 
on visual function have significant implications in the fields of psychology, 
ophthalmology and aviation. If a variation in the blood sugar content 
of 20 to 40 mg. per hundred cubic centimeters of blood (the usual differ- 
ence between the basal and the nonbasal state) can double the intensity 
threshold, it would appear that such variables should be controlled in 
experiments. It is possible that certain ocular defects might be more 
clearly understood if the effects of variations in the blood sugar content 
were studied. In aviation the application is more direct, for pilots might 
benefit from the ingestion of dextrose in flights at high altitudes. 

McFarland and Forbes (1940) also confirmed and extended the 
previously reported observations on anoxia and dark adaptation. The 
dark adaptation curves were first determined with the low oxygen 
chamber at sea level and then at various simulated altitudes. Both the 
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Fig. 2—The effects of insulin, oxygen and dextrose on light sensitivity. When 
the blood sugar level is lowered by the injection of insulin (5 to 8 units) the dark 
adaptation curve becomes elevated as compared with that of the control. This 
resembles the effect produced by anoxia, shown in figure 1. A further relation 
between anoxemia and hypoglycemia is demonstrated by the fact that inhaling 
pure oxygen counteracts the effects of insulin; subsequent withdrawal of the pure 
oxygen again reveals the lowering in sensitivity due to insulin. Finally, the 
administration of dextrose restores normal light sense. It has also been shown 
that hyperglycemia produced by ingestion of dextrose can partially counteract the 
effects of anoxemia on light sensitivity. (From McFarland and Forbes, 1940.) 


rod and the cone portions of the curves were elevated progressively with 
increasing anoxia. At 20,000 feet (about 6,000 meters) the effects were 
marked, the final rod threshold in 1 case being raised by a factor of 4. 
These changes were immediately abolished on administration of oxygen. 
The authors attributed the effects to the neural elements of the retina 
and of the central nervous system rather than to the regeneration of the 
photochemical substances of the retina, since the threshold continued to 
rise with increasing oxygen lack even in the completely dark-adapted 
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eye. Furthermore, the recovery of light sensitivity was much more 
rapid with oxygen than with any known chemical substance, such as 
vitamin A, and the restoration was comparable in time and extent to 
that observed in other cortical functions, such as memory or complex 
reactions. These findings indicate a broader basis for visual functions, 
Not only does dark adaptation appear to be related to photochemical 
processes in the retina, but oxidation in the nerve tissue plays an impor- 
tant role. 

2. Differential Sensitivity—Schubert (1932) and Gellhorn (1936 a) 
have observed a considerable decrease in visual intensity discrimination 
while inhaling 8 to 10 per cent oxygen. They used Masson disks, with 
which this function can be crudely measured. When these disks are 
rotated a series of rings of different shades of gray are seen. The number 
of rings that can be seen is a measure of the ability of the eye to dis- 
criminate differences in intensity. Gellhorn (1936b) found also that 
the effect on the visual intensity discrimination of breathing 8 to 9 per 
cent oxygen can be either completely removed or greatly diminished by 
a small concentration of carbon dioxide (3 per cent). This percentage 
of carbon dioxide in the absence of anoxia had no effect on the sensory 
function investigated. These authors stated the belief that this effect 
was due to circulatory improvement. 

3. Visual Acuity —Since a high degree of visual acuity is considered 
a prerequisite in an airplane pilot it is important to know how this char- 
acteristic is affected by anoxia. Earlier investigations were not con- 
clusive. Wilmer and Berens (1918) made tests with the Ives object 
in the low pressure chamber and with a rebreathing device. They found 
no change in 60 per cent of their 25 subjects, an improvement in 12 per 
cent and a decrease of visual acuity—the amount of which was not stated 
—in 28 per cent. On the other hand, Bagby (1921), also using a 
Henderson rebreather and the Ives test object, found no significant 
change in visual acuity until just before the subject collapsed, when there 
was a marked deterioration not only in the sensory function but in the 
capacity to attend and in the ability to cooperate. 

More recently Berger and Bgéje (1937) tested the ability of 2 emme- 
tropic subjects to resolve two squares while breathing air containing 
8.7 per cent oxygen, air corresponding to that at 22,500 feet (about 
6,900 meters). Two stimulus patterns were used: luminous squares on 
a dark field and black squares on a white field. As the squares were 
moved apart the authors measured the minimum distance between them 
at which they could be recognized as separate; also, as they were 
approximated the point at which they seemed to fuse was recorded. 
They reported that in spite of marked oxygen lack the resolving power 
was unchanged or only slightly decreased while luminous squares were 
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used. With black squares on a white background, on the other hand, a 
considerable decrease was found; the thresholds rose 30 per cent in 1 
subject and 100 per cent in the other. They attributed this change 
largely to an alteration in the intensity discrimination threshold. It is 
interesting to note that a similar condition was found in the case of the 
peripheral field; this seemed to shrink for black objects on a white 
field and to remain unaltered for white objects on a dark background. 
Furuya (1937) reported a decrease in visual acuity at altitudes above 
20,000 feet (about 6,000 meters). 

Visual acuity is dependent among other things on the intensity of 
illumination. In order to discuss the behavior of visual acuity during 
oxygen deprivation it is necessary to review this relation. It was not 
considered in the investigations mentioned and probably accounts for the 
inconsistencies in the findings. 

Uhthoff (1886, 1890) made the first thorough investigation of the 
relation between visual acuity and illumination over a great range of 
intensities using white and colored lights. A few years later Koenig 
(1897) made such comprehensive observations that his data have become 
classic. The most adequate and precise measurements were described 
recently by Shlaer (1937), who plotted the logarithm of visual acuity 
(vertically) against the logarithm of intensity of retinal illumination 
(horizontally). For white light a distinct break appeared in the curve. 
The portion of the curve below the point of discontinuity is believed to 
represent rod vision; the upper portion, representing measurements in 
brighter light, is believed to describe cone vision. The data of Koenig 
for white light are similar when plotted in this manner (Hecht, 1937). 
If red light (to which the rods are believed to be relatively insensitive) is 
used instead, with central fixation, the rod portion of the curve is deleted 
and the data fall on a single continuous curve. This is believed to repre- 
sent only cone vision. Shlaer, Smith and Chase (to be published) 
showed that this curve corresponds to a theoretic equation derived by 
Hecht (1934) on the basis of the simplest assumptions concerning the 
kinetics of a photochemical receptor system. 

The relation between foveal visual acuity and illumination under 
reduced oxygen tension was studied by McFarland and Halperin (1940) 
in 11 subjects. Various mixtures of nitrogen and oxygen were inhaled 
from a mask. The visual acuity apparatus described by Shlaer was used. 
The intensity of illumination could be set in steps of about 0.3 logarithmic 
unit (i. e., at each step the intensity is approximately doubled). The 
test object consisted of the projected image of a Landolt broken circle, 
or C. The size of this object could be varied continuously over a range 
of about 1: 100 at a fixed distance of 1 meter from the eye. Red light 
was used. 
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The results of this study can best be described by reference to figure 3, 
which presents the data for 1 subject. The curve at the left shows the 
relation between foveal visual acuity and illumination in normal air. 
With increasing illumination the visual acuity rises rapidly at first and 
then at a gradually decreasing rate until a maximum is reached and the 
curve becomes horizontal. The curve at the right, passing through 
the solid circles, represents the tests at a simulated altitude of 18,000 
feet (about 5,400 meters). The curve has shifted horizontally to the 
right along the intensity axis. As a consequence of the shape of the 
curve such a shift results in a relatively large decrease of visual acuity 
at low illuminations. At increasing light intensities anoxia produces less 
and less change. At very high illuminations the decrease is negligible. 
This may account for the inconclusiveness of the earlier experiments. 
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Fig. 3—The effects of anoxia on foveal visual acuity. Visual acuity is plotted 
vertically and intensity of illumination horizontally.1_ The curve at the left shows 
how visual acuity varies with light intensity in normal air. When the subject 
was exposed to a low oxygen mixture equivalent to that at 18,000 feet (about 
5,400 meters) the entire curve was displaced to the right along the intensity axis. 
Consequently, vision in dim light is markedly impaired, whereas in intense illumi- 
nation (where the vertical distance between the curves is very small) the change 
in visual acuity is negligible. The plus sign represents a final control measure- 
ment with pure oxygen after the measurements during anoxia had been completed. 
(From McFarland and Halperin, 1940.) 


The magnitude of the drop in foveal visual acuity at low illuminations 
on exposure to anoxia is large. For example, with an intensity of 0.144 
photon? (log 11.159) the visual acuity decreased at 10,000 feet 


1. Definitions of units employed: Visual acuity is expressed as the reciprocal 
of the angle, in minutes, subtended by the finest detail distinguishable, which here 
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(about 3,000 meters) to 68 per cent of normal and at 18,000 feet (about 
5,400 meters) to 45 per cent. When, on the other hand, the illumination 
was high, anoxia produced only a negligible change in visual acuity. 
Thus, with 1,320 photons (log 1 = 3.120) the visual acuity remained at 
94 per cent of normal even at 18,000 feet. As a practical application 
of these findings it may be concluded that—so far as foveal visual acuity 
js concerned—it is much more important that airplane pilots be provided 
with oxygen during night flights than during daylight flights. 

It has been shown that both for dark adaptation and for visual acuity 
there is a shift of the curves upward along the intensity axis. This 
shift is of about the same order of magnitude for the two. One might 
think of the effect of anoxia as being equivalent to that of putting an 
optical filter before the subject’s eyes. Indeed, one notices subjectively 
a general darkening of the visual field during anoxia. When oxygen is 
then administered there seems to be a marked brightening of the field. 


4. Visual Fields, Peripheral and Central.—The effects of anoxia on 
the extent of the peripheral visual field have been studied by a few 
investigators. Wilmer and Berens (1918) made the first measurements, 
in a low pressure chamber. They found that there was usually a slight 
enlargement of the field for form and for color at simulated altitudes of 
5,000 feet (about 1,500 meters) and 10,000 feet (about 3,000 meters). 
This was followed by a contraction which was slight at 15,000 feet (about 
4.500 meters) and became marked at 20,000 feet (about 6,000 meters). 
The shrinkage was greatest inferiorly, where (for white) the field aver- 
aged 14 per cent of normal, or about 7.7 degrees. A lesser change was 
demonstrable in the other prime meridians. The method of perimetry 
employed was not described. 

Without being aware of these studies, Goldmann and Schubert 
(1933) made similar investigations, in a low pressure chamber as well 
as with low oxygen mixtures. They made their tests with a square black 
object on a white field. They found chiefly a shrinkage of the nasal and 
superior portions of the field. This contraction amounted to over 25 
degrees in one of the authors and up to 15 degrees in other subjects at 
6,500 to 7,000 meters (about 21,500 to 23,000 feet). Temporally the 
contraction was not demonstrable or was slight. The alterations began 
at about 14,000 feet (4,200 meters) and were counteracted by breathing 
oxygen. The authors stated the belief that the contraction of the nasal 
portion could be caused only by an alteration in the retina itself, since 
depression of the central nervous system would result in concentric or 


corresponds to the gap in the C used as the test object. Retinal brightness is 
given in photons (Troland, 1916) and is expressed as external brightness in 
millilamberts times 10/7 times pupil area in square miliimeters (photons = milli- 
lamberts x 10/7 x pupil area in square millimeters). 
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homonymous contraction of the field. They explained the asymmetry of 
contraction as being due to an inequality of the blood supply to different 
parts of the retina. 

Furuya (1937) reported low pressure chamber experiments on 6 
subjects. He described a contraction of the field which began at about 
5,000 meters (16,400 feet). At first this was noted temporally, especially 
above. Continued exposure at the same altitude resulted in accentuation 
of the effect, which was more marked in sympathicotonic than in vago- 
tonic subjects. 

Similar experiments were carried out by Kyrieleis, Kyrieleis and 
Siegert (1935) with a technic somewhat different from that employed 
by Goldmann and Schubert. They used white objects on a dark gray 
background. They found that although the altitudes simulated were as 
high as 8,000 meters (26,000 feet) there was no demonstrable contrac- 
tion of the visual field which exceeded the unavoidable error of 1 to 3 
degrees. On the contrary, there frequently appeared a concentric widen- 
ing of the field at the onset of anoxia. One of their subjects had served 
for Goldmann and Schubert’s experiment, in which considerable con- 
traction had been noted. Kyrieleis and his co-workers attributed the 
difference largely to the method used. They expressed the opinion that 
the use of white stimuli on a dark field gives results which are less likely 
to be affected by “weakening of attentiveness” than those obtained with 
black stimuli on a bright field. Elsewhere Kyrieleis described a 
physiologic weakness of attention in the nasal portion of the field. In 
view of the inconclusiveness of the effects of anoxia on visual acuity 
before the role of illumination was considered, it seems reasonable to 
expect that investigations of the peripheral visual field in various 
intensities of illumination might also resolve some of the existing dis- 
crepancies. 

The behavior of the central visual field during oxygen lack have been 
studied by Evans and McFarland (1938). Experiments in a low oxygen 
chamber revealed a progressive widening of the angioscotoma (pro- 
jected defect related to the retinal perivascular spaces). This began at 
a simulated altitude of about 13,000 feet (about 4,000 meters), and 
became more marked with increasing “elevation” until the visual field 
was obliterated except for an area 8 to 10 degrees about the macula (fig. 
4). Administration of oxygen resulted in a complete return to normal. 
The measurements were made on a stereocampimeter with white test 
objects 0.4 mm. in diameter 190 mm. from the eye. The background 
was dull black paper under an illumination of 15 foot candles. Goldmann 
and Schubert (1933), using 5 mm. white and colored objects, found an 
enlargement of the blindspot. Conversely, it was reported by Rosenthal 
(1939) that on administration of 100 per cent oxygen to normal persons 
the width of the angioscotoma was diminished. 
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Seitz and Rosenthal (to be published), using the procedure of 
measuring the changes in the angioscotoma described by Evans (1938), 
found that the local administration of strychnine at sea level caused a 
marked narrowing of the scotoma in the treated eye. No such change 
was apparent in the untreated eye, which suggests that the effect was 
on the retina itself rather than on the more central tissue. Then they 
administered strychnine while the subjects were exposed to an oxygen 
lack simulating that at 17,500 feet (about 5,300 meters). The drug 
appeared to counteract the widening of the scotoma resulting from the 
anoxia. This is consistent with the concept that oxygen lack depresses 
the activity of the neural elements of the retina. 
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Fig. 4—The effects of oxygen deprivation on the central visual field. A, sea 
level, 20.96 per cent oxygen; B, 13,000 feet (about 3,900 meters), 12.60 per cent 
oxygen; C, 17,000 feet (about 5,100 meters), 10.64 per cent oxygen; D, 22,400 feet 
(about 6,800 meters), 8.69 per cent oxygen; E, sea level, 20.96 per cent oxygen. 
The usual method of angioscotometry was employed, with a minute object. The 
black areas are the projections of the functionally depressed portion of the retina. 
These correspond to the inferior part of the retina. As the oxygen supply is pro- 
gressively decreased the scotoma widens until the visual field for the stimulus 
object is completely obliterated except for a region 8 to 10 degrees about the 
macula. The return to normal was complete five minutes after inhalation of 
oxygen. (From Evans and McFarland, 1938.) 


In Evans’ original studies of angioscotometry it was suggested that 
the variations in the size of the scotoma might be indirectly attributable 
to the increase in the size of the retinal vessels. More recently, however, 
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Evans has stated that other factors are more basic, such as the impair. 
ment of the synapses in the retina. In the study by Evans and McFar- 
land (1938) of the effects of oxygen lack on the angioscotoma frequent 
observations were made of the eyegrounds with an ophthalmoscope, 
Since only minor changes were observed in the size of the retinal vessels, 
this factor was considered to be of minor importance in causing the 
marked variations in the size of the scotoma. During the height of the 
anoxia the color of the artery and that of the vein approached one 
another, but at no time was it difficult to distinguish one from the other. 
When oxygen was administered at the end of the experiment the artery 
assumed its characteristic color. There was no evidence of marked vaso- 
dilatation or constriction, nor was there evidence of arterial alteration, 
edema or hemorrhage. It is possible that edema and other changes would 
have been ophthalmologically visible had the subjects remained in the 
low oxygen chamber for longer periods. 


Recently Cusick, Benson and Boothby (1940) studied the effects 
of anoxia and of high concentrations of oxygen on the retinal vessels, 
A brief report of their experiment follows: 


Two different methods of measurement were used: the Morgan graticule and 
a prism displacement method developed by Dr. C. W. Rucker . . . A number 
of observations were made in the low pressure chamber at pressures simulating 
altitudes of 18,000 to 21,000 feet [about 5,400 to 6,400 meters]. In other cases 
anoxia was produced by a nitrogen-oxygen mixture. With anoxia there was 
measurable increase in the size of the vessels, varying between 10 and 20 per cent, 
which was more marked in the veins. Following this, another group of subjects 
was given esentially 100 per cent oxygen by means of the B. L. B. inhalation 
apparatus [Boothby and Lovelace, 1938] with the rate of flow at 9 liters per 
minute continued for thirty minutes. In this group there was a measurable 
decrease in the size of the vessels [10.5 to 37.7 per cent for arterioles and 16.2 to 
37.5 per cent for veins, with an average of 24 and 28.2 per cent, respectively]. 


The authors concluded that the “. . . changes in the size of angio- 
scotomata in the visual field in these two conditions may be, in part at 
least, due to changes in the caliber of the retinal vessels.”’ 


5. Color Vision.—Investigations of color vision with the more com- 
mon clinical means, such as Stilling’s plates, have revealed no changes 
at high altitudes (Wilmer and Berens, 1918). Vishnevskiy and Tsyrlin 
(1935, 1936) measured retinal sensitivity to red, green and blue light 
with the Nagel adaptometer and appropriate colored filters. They 
reported that low pressure resulted in a greater decrease of retinal 
sensitivity to these colors than to white light. The colored lights seemed 
to be less saturated; in fact, green and blue often appeared colorless at 
threshold intensity, Inhalation of oxygen for periods up to twenty-five 
minutes did not completely restore the sensitivity to color, although the 
sensitivity to white light and to electrical stimulation recovered com- 
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pletely. The authors concluded that cone vision is affected to a greater 
extent than rod vision. It is difficult to evaluate their findings, since 
their technic is not completely defined. Their apparatus was crude in 
comparison with the Hecht-Shlaer adaptometer (1938), for example. 
Dark adaptation curves obtained by use of the latter show a discontinuity 
at the point where cone function is superseded by rod function; altera- 
tions in the two can thus be separately evaluated. When colored lights 
are used they appear colored at threshold intensities corresponding to the 
cone portions of the curve and colorless thereafter even in normal air. 
With red light of a wavelength to which the rods are relatively insen- 
sitive, only the cone portion of the curve is obtained with central fixation ; 
hence, it is not surprising that this did not lose its color in Vishnevskiy 
and Tsyrlin’s study, whereas green and blue did. By use of the Hecht- 
Shlaer apparatus, McDonald and Adler (1939) found that rod vision and 
cone vision are equally affected by oxygen deprivation. 

The anomaloscope is probably the most delicate instrument for testing 
color vision. The subject adjusts mixtures of red and green to match 
yellow. ‘The tendency to require a large proportion of green (“red 
sightedness”) is called deuteranomaly; the converse (‘“‘green sighted- 
ness”) is entitled protanomaly. Each is a form of anomalous tri- 
chromatism. The range of settings of red and green which appear to 
match yellow is also considered a measure of the integrity of the color 
sense. The anomaloscope was employed by Velhagen (1935, 1936) and 
by Schmidt (1937), who used somewhat different procedures and 
arrived at different conclusions. 

Velhagen described what he called “hypoxemic color-blindness, a 
latent disturbance of the color sense.” He stated that a large percentage 
of persons who have completely normal color vision at normal atmo- 
spheric pressure suffer a disturbance during oxygen deprivation closely 
resembling congenital anomalous trichromatism. In such persons there 
was found a widening, increasing with altitude, of the range of red- 
green mixtures which appeared to match yellow. Furthermore, accord- 
ing to Velhagen slight anomalies may become accentuated at a low 
tension of oxygen, and one form of congenital anomaly may be converted 
into another. This “hypoxemic color-blindness” was reported to be 
demonstrable at 3,000 meters (about 10,000 feet) and to disappear when 
oxygen was administered. 

Schmidt stated that if there is no color blindness at sea level then 
altitude does not affect the integrity of the color sense. But if color 
blindness is present in normal air then as a rule it is increased by low 
pressure, usually at about 10,000 feet (about 3,000 meters). It may, 
however, remain unaltered or fluctuate. Contrary to Velhagen’s findings, 
a pure “hypoxemic color-blindness” which becomes manifest only at low 
pressure without being at all demonstrable at sea level was not observed. 














} 
| 
| 
¥ 





902 ARCHIVES OF OPHTHALMOLOGY 


Moreover, there was no conversion of one form of anomaly into another 
The author pointed out inadequacies in Velhagen’s procedure which led 
to some of his “erroneous” conclusions. 


6. After-Images.—Aviators and mountaineers have frequently men- 
tioned the increased latency and unusual quality and intensity of the 
after-image at high altitudes. The latency of the negative after-image 
was investigated by Gellhorn and Spiesman (1935). Their subjects 
fixated colored squares or a white light for ten seconds, after which they 
closed their eyes and the latent period was measured with a stopwatch, 
Whereas a reduction of the oxygen concentration to 13 per cent was 
without effect, considerable changes occurred after air containing 9 to 
11 per cent oxygen was breathed for various times (seven to twenty- 
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Fig. 5.—Latent time of the visual after-image as a function of intensity at 
low tensions of oxygen. The latent times of the after-images (in seconds) are 
plotted vertically and the intensity measured in photons horizontally. Each curve 
(fitted by visual inspection) indicates that the latent time decreases with an 
increase in intensity. In general an increase in anoxia produces a lengthening 
of the latent time of the after-image. The control tests were made while the 
subjects inhaled normal air. The anoxia tests were made while the subjects 
inhaled air with lowered concentrations of oxygen simulating those at the follow- 
ing altitudes: first altitude, 11,150 feet (about 3,400 meters); second altitude, 
14,000 feet (about 4,200 meters), and third altitude, 17,000 feet (about 5,100 
meters). (From McFarland, Hurvich and Halperin, 1941.) 


seven minutes). The latent period was either considerably lengthened 
or became infinite, since the after-image failed to appear. In cases in 
which a negative after-image did appear the subject noticed a decrease in 
its intensity. In some cases the latent period remained lengthened even 
ten minutes after the end of the breathing period. 
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In subjects acclimatized to a high altitude on the international High 
Altitude Expedition to Chile, McFarland (1937), using a method 
similar to that previously described, also found a lengthening of the 
latent period, which was statistically significant at 20,100 feet (about 
6,100 meters). There was a tendency for the after-image to persist 
longer. Several subjects reported qualitative variations, especially in 
brightness and hue of the after-image. 

McFarland, Hurvich and Halperin (to be published) have recently 
made a systematic study of the behavior of the visual after-image during 
exposure to anoxia in a low oxygen chamber. Employing a wider range 
of stimulus intensities and relatively shorter stimulus durations than those 
used in the earlier studies, they found an apparent lengthening of the 
latent time of the after-image. In general, under conditions of oxygen 
deprivation the functions relating the latent time of the after-image to 
the stimulus intensity were displaced throughout the entire intensity 
range (fig. 5). On the whole the effects seemed to be more pronounced 
in the lower intensity range. This finding is in accord with the results 
obtained by McFarland and Halperin in the study of visual acuity in 
relation to oxygen deprivation. The data on the after-image also indi- 
cated that the recovery following the administration of oxygen was much 
slower than that in the case of the other visual processes studied. 


7. Flicker Fusion Frequency—The critical fusion frequency for 
flickering light was studied by Seitz (1940). His experiments were 
carried out in a low oxygen chamber. His apparatus was essentially a 
variable light source interrupted by a rotating sector disk. The rota- 
tional velocity of the disk (hence the flicker frequency) could be con- 
trolled and measured. The range of intensities studied was about 4 
logarithmic units, or 1 to 10,000. 

Oxygen deprivation equal to that at 17,500 and 20,000 feet (about 
5,300 and 6,000 meters) was found to reduce the critical fusion frequency 
in the intensity ranges corresponding to both rod function and cone 
function. The entire curve relating fusion frequency to illumination was 
displaced. The data do not extend over a sufficiently wide range of 
stimulus intensities, however, to make clear whether the shift was only 
along the intensity axis (as in the case of visual acuity) or along both 
axes. 

Experiments were also done in which an extended series of readings 
was obtained at each of two fixed intensities. These were chosen so 
that one involved principally the rods and the other the cones. During 
about one and one-half hours of exposure there was no evidence of 
improvement which might be attributable to acclimatization. Seitz found 
a slightly greater effect on the cones than on the rods at these intensities. 
Numerous studies, including the one being discussed, have, however, 
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shown that the degree of change produced by anoxia on various functions 
of the rods and of the cones varies with the stimulus intensity. There. 
fore, it cannot be concluded that cone function in general suffers more 
from anoxia than does rod function. As has already been mentioned, 
dark adaptation studies have shown that anoxia produces approximately 
equal changes in what has been interpreted as rod function and as cone 
function. 

Local application of strychnine solution to the conjunctiva resulted 
in a diminution or complete cancellation of the effects of anoxia. This 
conforms with the results of similar studies on the angioscotoma. 


8. Intraocular Tension.—No alteration in intraocular tension was 
noted by Wilmer and Berens (1918). Goldmann and Schubert measured 
the tension in 2 of their subjects and found no change. Recently Pinson 
(1940) measured the intraocular tension of anesthetized rabbits directly 
with a capillary mercurial manometer during environmental pressure 
changes equivalent to those experienced at rates of ascent and descent 
of 1,000 to 30,000 feet (about 300 to 9,000 meters) per minute to 
altitudes up to 40,000 feet (about 12,000 meters). These environmental 
pressure changes “produced no alterations in the intra-ocular pressure 
sufficient to cause concern as to any injury or discomfort to the eye,” 
being less than the usual variations of intraocular pressure which occur 
with the cardiac and respiratory cycles in rabbits. 

On the other hand, Furuya (1936) found that the ocular tension 
always increases at altitudes above about 13,000 to 16,000 feet (about 
4,000 to 4,800 meters). He made measurements on 6 subjects in a low 
pressure chamber. The effect was more marked in sympathicotonic than 
in vagotonic persons. During continued exposure at a given altitude the 
tension tended to recede toward its original value. Immediately after 
“descent” the tension dropped further, and it then rose to its original 
level in about thirty minutes. 

Similar findings were reported by Buscalossi (1938), who measured 
with a Schidtz tonometer the ocular tension of subjects exposed to low 
pressure in a chamber. The ocular tension underwent changes similar 
to those of the arterial pressure. It increased during the simulated 
ascent and then decreased toward its original value during maintenance 
of the low pressure for fifteen minutes. No noticeable variation occurred 
during “descent.”” The amount of elevation of the ocular tension was 
proportionate both to the “altitude” reached and to the rate of “ascent” 
and was of an order of magnitude of several millimeters of mercury. 

9. Extraocular Muscles—Velhagen (1936), using the Stock pho- 
rometer, made low pressure chamber experiments on 16 subjects with 
slight esophoria or exophoria. He found that for distant vision there 
was a displacement of the rest position of the eyes in the direction of 
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jatent esophoria beginning at about 10,000 feet (about 3,000 meters). 
This was independent of previous esophoria or exophoria. For near 
vision (25 cm.) the results were not so consistent but there appeared 
to be an insufficiency of convergence—a tendency toward exophoria. 
The author suggested that there must be some alteration in the muscle 
itself rather than in the central nervous system. 


McFarland (1937), reporting his observations on 10 acclimatized 
subjects during the International High Altitude Expedition to Chile, 
stated that no significant alterations in heterophoria at 6 meters were 
found even at 20,000 feet (about 6,000 meters). On the other hand, the 
test for 40 cm. vision revealed an increase of the average deviation from 
orthophoria, usually in the direction of an insufficiency of convergence. 
This was already measurable at 9,200 feet (about 2,800 meters). The 
mean rose from 1.5 prism diopters at sea level to 6.7 prism diopters at 
20,000 feet. In experiments in a low oxygen chamber McFarland 
(1938) found similar changes. In his study the alterations in the phorias 
were statistically reliable only at altitudes of 14,000 feet (about 4,200 
meters) and above. 


In commenting on a paper by Sauer (1924), Weldon made the 
following interesting statement : 


Diplopia is caused by lowered 02-tension only in those cases in which there 
is latent squint—heterophoria. This double vision, and when it comes on it is 
a frank and uncontrollable double vision, may develop at any altitude over 10,000 
feet. It is particularly liable to occur in one having hyperphoria. . . . The 
amount of hyperphoria need not be large, because at sea-level conditions these 
cases have good binocular fixation. It is held with extra effort, however, and 
in high altitude with its consequent low oxygen supply, this extra effort is not 
available and diplopia results. 


Wilmer and Berens (1918) found a decrease in adduction, abduction 
and sursumvergence of 1.90, 1.55 and 1.25 degrees, respectively, at 
20,000 feet (about 6,000 meters). They stated that exophoria or hyper- 
phoria is much more serious than esophoria. They measured the field of 
binocular fixation in a group of men with normal muscle balance and in a 
group with heterophoria. They found that whereas only 7 per cent of 
the former group suffered deterioration during anoxia 50 per cent of the 
latter group suffered a contraction. In tests with a stereoscope there was 
a change in fusion ability in 2 of 6 persons with normal muscle balance 
and in 1 of 3 with subnormal balance. 


10. Accommodation and Convergence ——Wilmer and Berens (1918) 
found that the near point of accommodation and of convergence receded 
during rebreather tests. This occurred in about half of their 148 sub- 
jects; about one fifth of them improved, and in the rest the near points 
remained unchanged or fluctuated. 
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A study of 6 subjects by Furuya (1937) resulted in his finding a 
decrease in range of accommodation which began above 5,000 meters 
(16,400 feet). Continued exposure to the same pressure was followed 
by further impairment. It required forty minutes after return to normal 
pressure before the effects of a sixty minute sojourn at 5,000 meters 
were overcome. 

Measurements of fatigue of accommodation and of convergence were 
also made by Wilmer and Berens, using the Howe (Berens) ocular 
ergograph. They found increased fatigability at 15,000 and 20,000 feet 
(about 4,500 and 6,000 meters). Employing a similar technic in the 
Andes, McFarland (1937) found that in acclimatized subjects the fatigue 
during a ten minute run on the ergograph was not significant at 9,200 
feet (about 2,800 meters). However, at the highest stations (15,500 
and 17,500 feet, or about 4,700 and 5,300 meters) it was increased 
significantly for both accommodation and convergence. 


11. Coordinated Ocular Movements.—The effects of oxygen depriva- 
tion on ocular movements during reading and during fixation have been 
studied with photographic technics by McFarland, Knehr and Berens 
(1937 a). Persons with normal visual acuity and muscle balance as well 
as patients with excessive heterophoria or even heterotropia combined 
with lowered visual acuity were used as subjects. A beam of light 
reflected from the cornea of the eye was recorded on a moving film 
while the subject was reading printed lines from the page of a book or 
while fixating on a target. The object of the study was not only to 
analyze the effects of anoxia on an unconscious and well established 
motor habit but to study the basic mechanisms involved in reading and 
in ocular motor anomalies. A typical record of the effects of anoxia on 
the ocular movements of a subject with normal vision is shown in figure 
6 A. The results showed not only that it took longer to read a given line 
but also that the eyes did not coordinate so well at 18,000 feet (5,400 
meters, 10.5 per cent oxygen), as shown by the lack of parallelism 
between the two ocular tracks of figure 6B. There was a general ten- 
dency toward diminished precision of the ocular fixation. In a number 
of subjects with seemingly normal ocular muscle balance certain latent 
defects were made apparent with low oxygen pressure. 

In the second study of ocular movements (1937 b) a series of patients 
with known ocular anomalies were exposed to lowered tensions of 
oxygen. The defects were greatly accentuated during anoxia. In 1 
subject, for example, fusion occurred during fixation on a test object 
but during reading there was suppression of one image and not always 
in the same eye. This phenomenon was greatly accentuated with a low 
oxygen tension. In all the 10 patients there was a diminution in the 
precision of the ocular reactions, with the appearance of nystagmoid 
movements, general unsteadiness and accentuation of abnormalities. An 
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Fig. 6—The ocular movements during reading. The photographs show the 
corneal reflections of beams of light from the two eyes on a moving film 
while the subject was reading printed lines from a book. The stepwise phenomena 
represent ocular fixations during the reading of a line. The fixations vary in 
number from four to ten according to whether the subject is a slow or fast reader. 
A: The control record, at the left, obtained while the subject was breathing normal 
air, is very regular, with five to six ocular fixations to each printed line; the 
record on the right, however, obtained with the subject breathing air containing 
10.5 per cent oxygen, simulating that at 18,000 feet (5,400 meters), shows a 
larger number of fixations and marked unsteadiness. B: The control record, at 
the left, was obtained while the subject was inhaling normal air; the one at the 
right, obtained while the subject was breathing air containing 10.5 per cent 
oxygen, is very irregular. There is a gradual increase in the distance between 
the ocular tracks, indicating an increasing convergence. The ocular movements 
at a low oxygen tension revealed in a striking fashion the hyperphoria on the left. 
(From McFarland, Knehr and Berens, 1937 a.) 
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illustration is shown in figure 7, a reproduction of the corneal reflections 
from the eyes as recorded on a moving film while the subject was fixating 
on a test object. The record at the left was obtained while the subject 
was breathing normal air and the one at the right in a low oxygen 
chamber with an oxygen concentration simulating that at 16,000 feet 
(4,800 meters; 11.25 per cent oxygen). The anoxia tended to bring 
out the divergence excess in the patient’s ocular movements; also, the 
nystagmoid movements became marked. 











|CONTROL 11.25% O2 





Fig. 7.—Reproductions of photographs of the ocular movements while the 
patient was fixating on a test object. The photographs show the corneal reflec- 
tions of beams of light from the two eyes on a moving film while the sub- 
ject was fixating on a stationary test object. The record at the left was 
obtained while the subject inhaled normal air and the one at the right while he 
inhaled air containing 11.25 per cent oxygen, simulating that at 16,000 feet (about 
4,800 meters). The divergence excess of this patient was clearly manifest during 
steadiness fixation under anoxia. Note how the gradual divergence is followed 
by fusion and how the nystagmoid movements are marked at a low tension of 
oxygen. (From McFarland, Knehr and Berens, 1937 b.) 
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In analyzing the data from the two studies discussed, the authors 
found no general correlations between the results of ocular examinations 
and the records of ocular movements obtained while the subjects were 
breathing low oxygen mixtures. When the photographic records were 
analyzed individually, however, significant changes were observed which 
could be related to the results of the clinical examinations. The authors 
concluded that a photographic record of ocular movements during read- 
ing or during fixation on a test object if obtained while the subject is 
exposed to anoxia is of value in the diagnosis of clinical anomalies. The 
method has the advantage of providing an objective record of the move- 
ments of the eyes during a normal act, such as reading. Furthermore, 
they suggested that records obtained during the breathing of low 
oxygen mixtures are of clinical significance owing to the fact that latent 
defects not previously observed became apparent and those known to be 
present are accentuated in such a way as to be more easily diagnosed. 


V. SUMMARY 


No attempt will be made to summarize in detail the results of these 
studies of ocular functions carried out under conditions of anoxia simu- 
lating the oxygen want that exists at high altitudes. So many different 
technics have been used that brief generalizations can be made only at 
the expense of accuracy. In fact, one must employ qualified and descrip- 
tive statements in order to make clear and to compare the findings of the 
various investigations. If this is borne in mind, however, the following 
tabulation of the experimental findings on the effects of acute anoxia 
on ocular functions may be of some value. 

1. Light sense (visual sensitivity) : 
(a) The light minimum (absolute threshold) is impaired. 
(b) Dark adaptation is impaired. 
(c) The studies relating to light difference (differential sensitivity) are 


inadequate. 
2. Visual acuity (foveal): It is decreased in dim light but practically unaffected 
in bright light. 
3. Peripheral visual fields: The studies are inadequate thus far. 
4. Central visual fields: They are decreased by widening of the angioscotoma. 
5. Color zones: The studies are inadequate thus far. 
6. Color vision: It is apparently further impaired if abnormal prior to anoxia. 
7. After-image: The latent period is prolonged. 
8. Eyegrounds: The diameters of the arteries and of the veins are increased 


about one eighth. 
9. Extraocular muscles: Weaknesses become significantly exaggerated. 
10. Accommodation: The range of accommodation is decreased. 


11. Coordinated ocular movements: The ocular motor reactions, such as those 
employed in reading, are less orderly, and latent defects become apparent. 


2. Ocular fixation: There is a diminished precision in fixating on test objects, 
and motor anomalies become accentuated. 
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VI. CONCLUSIONS 


A number of general observations might be mentioned in the light 
of this review. In the first place, although a great amount of work has 
been done many defects exist in the knowledge of the subject. Certain 
of the studies should be repeated with standard apparatus designed to 
record more accurately. The research should be repeated under con- 
ditions both of acute and of chronic anoxia with normal subjects as well 
as with patients suffering from various ocular anomalies. Also, the 
effects of excesses of carbon dioxide and of high concentrations of oxygen 
should be analyzed more thoroughly in normal subjects and in clizical 
patients with various known defects, especially those in which impaired 
oxidation might be involved. Secondly, the method offers promise not 
only because of the fundamental role of oxidation in all the tissues of the 
body but especially because of the fact that the eye, being essentially an 
extension of the brain, is known to be especially sensitive to anoxia. It is 
possible that a clearer understanding of certain visual defects might 
be revealed by exposing patients to excess and to deficient concentra- 
tions of oxygen. Latent defects are sometimes revealed by such pro- 
cedures. Also, knowledge of the fundamental nature of certain visual 
mechanisms may be extended. Thirdly, many of the studies discussed 
in this review suggest that the basis for theories should be broader in 
regard to the nature of certain visual functions. A case in point is the 
fact that photochemical theories of vision appear to have definite limita- 
tions. A broader viewpoint is forced on one, including that of the impor- 
tant role of central processes, i. e. the central nervous system or the 
brain. Fourthly, the practical importance in aviation of such studies 
is apparent. In modern aerial warfare definite strategic advantage may 
be obtained by a more thorough knowledge of visual acuity and night 
vision at high altitudes and of the variables involved. The applications 
to diseased conditions, local and systemic, are not so direct but are none 
the less promising. Finally, it should be emphasized that there are many 
opportunities for original research in this field. Oxygen is so basic a 
substance in all biologic functions that the effects of marked variations 
in ocular functions cannot help but reveal important data for the 
ophthalmologist. 
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Correspondence 


“A COLOR STEREOSCOPIC PHENOMENON” 


To the Editor:—Probably Dr. Loewenstein and Dr. Donald would 
not have written their paper, “A Color Stereoscopic Phenomenon,” 
which appears in your October issue (ARcH. OputH. 26: 553, 1941) if 
they had run across my much shorter paper of thirteen years ago 
(Verhoeff, F. H.: An Optical Illusion Due to Chromatic Aberration, 
Am. J. Ophth. 11: 898, 1928). I not only described the phenomenon 
about which they speculate but pointed out features of it which they 
overlook or misunderstand. Moreover, I clearly demonstrated that it is 
dependent on two optical factors, chromatic aberration and eccentricity 
of the lens system, while they attribute it in great part to some obscure 
psychologic cause. I also pointed out that the eccentricity can be pro- 
vided by artificial means when, as is sometimes the case, a person does 
not possess a sufficient amount of it to permit him to observe the 
phenomenon. This fact seems to be unknown to Dr. Loewenstein and 
Dr. Donald, if only because they are unaware that such an optical defect 
has anything to do with the phenomenon. In considering their psycho- 
logic experiments, two facts should be kept in mind. One is the familiar 
fact that a large circle and a much smaller circle within it even when 
viewed binocularly can appear as they actually are or as a truncated cone 
pointing sometimes toward and sometimes away from the observer. 
The other fact is that when the definite appearance of such a cone is 
produced by means of a stereoscope or when an actual truncated cone 
is viewed binocularly, the stereoscopic effect cannot be reversed by a sane 
observer even when he exercises his strongest imagination. Although 
nothing that I said in my paper has been refuted, I was informed shortly 
after its publication that the phenomenon had previously been described 
im the literature and an explanation given similar to mine. However, 
I did point out important facts not previously known, which evidently 
even now are not widely known. 


F. H. Veruorrr, M.D., Boston. 
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News and Notes 


UNIVERSITY NEWS 


Dinner for Dr. John E. Weeks.—A dinner in honor of Dr. John 
E. Weeks, professor emeritus of the department of ophthalmology of 
New York University College of Medicine, was held at the Union Club, 
New York City, October 6. Eighty of Dr. Weeks’s friends and students 
attended. The speakers’ program was as follows: ‘The Development 
of the Laboratory Side of Ophthalmology,” Edgar Burchell, Sc.D. ; 
“Undergraduate Ophthalmology in Relation to the General Medical 
Course,” Dr. Currier McEwen, dean, New York University College of 
Medicine; “Graduate and Postgraduate Courses in Ophthalmology,” 
Dr. John H. Dunnington, professor of ophthalmology, Columbia Uni- 
versity College of Physicians and Surgeons; “The Relation of the Special 
Hospital to the University or General Hospital,” Dr. David H. Webster, 
executive surgeon, Manhattan Eye, Ear and Throat Hospital; “The 
American Board of Ophthalmology,” Dr. Conrad Berens, chairman, 
American Board of Ophthalmology, and “The Chair of Ophthalmology 
of New York University College of Medicine,” Dr. John E. Weeks. 
Dr. Daniel B. Kirby, professor of ophthalmology, New York Uni- 
versity College of Medicine acted as toastmaster. 

In 1923 Dr. Weeks received the special degree of Doctor of Law from 
New York University. 

The Eye Surgery Fund, Inc., a foundation for the training of 
ophthalmic surgeons and for the alleviation of blindness, was dedicated 
to the memory of Dr. Webb W. Weeks. The poem “Spring and the 
Blind Children” has been dedicated to this foundation by the author, 
Alfred Noyes. Two of the stanzas follow: 





They passed the primrose glistening in its dew, 
With empty hands they drifted down the lane, 

As though, for them, the Spring held nothing new ; 
And not one face was turned to look again. 


Like tiny ghosts along their woodland aisle 

They stole. They did not leap or dance or run; 
Only at times without a word or smile 

Their small blind faces lifted to the sun. 


SOCIETY NEWS 


Society of Ophthalmology of Cérdoba.—A special meeting of the 
Society of Ophthalmology of Cordoba, Argentina, was held on August 
16 in the Medical Circle with the object of bringing about a better under- 
standing and of creating friendship between the several ophthalmologic 
societies of Argentina and of other countries in South America. The 
meeting was prompted by Prof. Carlos Weskamp. 
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Prof. Urrets Zavalia introduced the visiting physicians. The follow- 
ing papers were read: “The Macular Serosa in Chorioretinitis,” Prof, 
Carlos Weskamp ; “Medicolegal Problems,” Dr. J. M. Vila Ortiz; “The 
Stenopaic Disk in Refraction,” Dr. Isaac Cotlier, and “The Stereoroent- 
genogram in Ophthalmology,” Professor Carlos Weskamp. 

Great interest was shown in the presentations and especially in that 
concerning the macular serosa in chorioretinitis. 

The following physicians, among others, were present: Profs. Carlos 
Weskamp and Uretts Zavalia and Drs. Brandan, Vila Ortiz, Laje 
Weskamp, Remonda, Obregon Olivia, de Anquin, Ponce de Leon, 
Maffrand, Di Pinto, Richardson, Joisen Pelliza, Paez Allende and 
Wolaj. Many students also were present. 








CORRECTION 


In the news note in the July issue (Arco. OpHTH. 26: 131, 1941) 
on the fourth Brazilian Congress of Ophthalmology, held in Rio de 
Janeiro June 26 to July 1, the name of Dr. Jacques Tupinamba, 
president of the Sao Paulo Society of Ophthalmology, was omitted. 
Dr. Tupinamba was one of the representative ophthalmologists of the 
state of Brazil who attended the congress. 
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Abstracts from Current Literature 


Epitep By Dr. WILLIAM ZENTMAYER 


Cornea and Sclera 


BILATERAL (MesIAL) DEFICIENCY OF THE SCLERA: SCLERAL PLAQUES. 
B. Graves, Brit. J. Ophth. 25: 35 (Jan.) 1941. 


The patient was a woman of 70 who showed scleral plaques of 
unequal depth on the temporal side of each cornea. The nasal (mesial) 
aspect of the scleras revealed no plaques, but optical sections of the 
surface of each eye revealed some flattening (or even slight concaving) 
in a small area. Graves proposes to drop the term he first used and 
to use Cutler’s term scleral plaques as more suitable. 

He reports this case of scleral plaques principally to show that the 
qualifying term mesial, which he originally used, must be dropped, 
though it would seem that scleral plaques are much more common on 
the nasal side of the sclera than elsewhere. 


The article is illustrated. W. ZENTMAYER 


EPIDEMIC KERATOCONJUNCTIVITIS. R. SCHEERER, Klin. Monatsbl. f. 
Augenh. 105: 110 (July) 1940. 


Like other writers, Scheerer found that the period of incubation of 
epidemic keratoconjunctivitis is a week, particularly when the condition 
develops in connection with a foreign body in the cornea. Corneal 
complications appear after another week. Visual disturbances as a rule 
disappear more or less completely even in the presence of central corneal 
opacities. Irradiation with skin erythema doses of 100 roentgens at an 
early stage of the disease proved its merits. When this treatment is 
late for the first eye, corneal efflorescences may be entirely prevented 
in the second eye if it is begun at the onset of conjunctival irritation. 


K. L. Sten. 


APPLICATION OF Cop Liver O1L To BuRNS OF THE Eye. V. A. 
TiKHov, Vestnik oftal. 17: 396, 1940. 


Tikhov used several daily instillations of cod liver oil in treating 
burns of the cornea caused by sulfuric acid, caustics, lime, metal or 
steam. There were many second degree burns. The results were 
favorable; the pain was lessened considerably, epithelization of the 
cornea was quick, the opacities were not dense and the vision was 
better than was to be expected in view of the severity of the process. 


O. SITCHEVSKA. 
General Diseases 


New ENDEAVoRS IN THE BATTLE AGAINST OcULAR TUBERCULOSIS. 
W. Wecner, Klin. Monatsbl. f. Augenh. 104: 395 (April) 1940. 


In referring to the papers of Stromburg and Hallermann in the 
same issue, the author mentions that their views and his own are 
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based on the work of Axenfeld between 1900 and 1930. The reports 
on successful cures of ocular tuberculosis are misleading and too 
optimistic, because the period of observation was usually too short. 
Ocular tuberculosis is the most frequent cause of blindness. Wegner 
studied 2,000 patients with about 3,000 diseased eyes. Certainty as to 
success or failure of the treatment can be obtained only after obserya- 
tion lasting twenty to thirty years. Stromburg stressed this fact. 
Wegner points out that patients with ocular tuberculosis are sick. 
Irritation of a climatic or pharmaceutic nature must be avoided, and 
sunlight, even, must be employed carefully. He refers in this connec- 
tion to a patient with a severe toxic-tuberculous lesion of the macula 
lutea caused by sunburn of the skin. Recurrences of tuberculosis are 
known to develop slowly and stealthily, and patients will not notice 
or will disregard the onset. Wegner therefore recommends that patients 
present themselves for examination at regular intervals. His suggestions 
to this end were accepted by the agencies for social insurance and 
governmental insurance for employees in Germany. K. L. Seal 


Hygiene, Sociology, Education and History 


OcuLarR Factors IN Poor READERS IN THE SAINT Louis Pvustic 
ScHoots. F. O. Scuwartz, Am. J. Ophth. 23: 535 (May) 1940, 


This article does not lend itself to abstracting. It is a study of the 
eyes of 1,109 children who were the poorest readers in a number of 
schools. A second survey indicated that 70.7 per cent made progress 
as a result of recommendations made after the first study. 


W. S. REEsE. 


DEVELOPMENT OF MODERN OPHTHALMOLOGY IN ONE LIFETIME. E. 
Jackson, Am. J. Ophth. 23: 759 (July) 1940. 


This is the first “de Schweinitz lecture” delivered before the Sec- 
tion on Ophthalmology of the College of Physicians of Philadelphia. 
In it are considered the changes in ophthalmology that occurred during 
the lifetime of George E. de Schweinitz. W. S. REESE. 


Methods of Examination 


EVALUATION OF MANTOUX TUBERCULIN TEST WITH HUMAN AND 
BovinE TUBERCULIN IN OcULAR DISEASES WITH SPECIAL CON- 
SIDERATION OF THRESHOLD Reaction. H. ScHLICHTING, Klin. 
Monatsbl. f. Augenh. 104: 401 (April) 1940. 


In discussing the value of the diagnostic tuberculin test, Schlichting 
points out some errors and uncertainties connected with it. With two 
exceptions the subject is free from tuberculosis if the test shows no 
evidence even with a large dose. The reaction will not show positive 
results until several weeks after a tuberculous infection. Sensitivity to 
tuberculin may be greatly reduced or even eliminated in patients with 
advanced tuberculosis in the presence of measles, croupous pneumonia, 
scarlatina, epidemic meningitis, grip, typhoid fever, pertussis or varicella 
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and after therapeutic injections of tuberculin. A positive reaction to 
tuberculin is proof that the subject is infected with tuberculosis but 
not that he is sick. Schlichting discusses the value of the intercutaneous 
test with tuberculin and adds a number of tables. Intracutaneous injec- 
tions of human or bovine tuberculin were given to 87 persons suspected 
of having ocular tuberculosis and 87 healthy controls. The weakest 
solution of tuberculin which elicits a reaction was used. No essential 
difference in action was found between human and bovine tuberculin. 
The reaction in persons suspected of having tuberculosis and that in 
healthy persons showed no important difference. As a rule the actually 
tuberculous patient showed a negative reaction or a positive reaction 
only to a high concentration. The intracutaneous reaction to tuberculin 
therefore appears to be unreliable as a test of the possible tuberculous 
nature of an ocular disease. K. L. Sreaz. 


Neurology 


OcuLaR COMPLICATIONS OF MeENriNGococcic MENINGITIS. P. M. 
Lewis, Am. J. Ophth. 23: 617 (June) 1940. 

Lewis gives the following summary of his study: 

“The eyes of 350 patients with meningococcic meningitis have been 
examined over a period of nine years. Repeated examinations were 
made when indicated. The findings of numerous other observers are 
given as well as those of the author. Each structure of the eye is con- 
sidered separately and its complications described. Any of the structures 
of the eye may be involved, and very occasionally all are affected. In 
this series of 350 cases, 44 percent showed some deviation from the 
normal. Deducting 14 percent, which showed only an engorgement of 
the retinal veins, there remain 30 percent with definite pathologic 
changes. The most frequent complication in this series was papillitis. 
Papilledema was quite rare. 

“Metastatic endophthalmitis was the most spectacular and also the 
most disastrous complication. Photomicrographs of several eyes enu- 
cleated for endophthalmitis, with a brief description of the pathologic 
findings, have been included. 

“The modern treatment of meningococcic meningitis by antitoxin 
and sulfanilamide is recommended, but not described in detail. Frequent 
ocular examination of all cases is urged.” W. S. REESE. 


Eye Stupies FoLLtow1inc LuMBAR Puncture. L. S. Powe tt and H. S. 
SmitH, Am. J. Ophth. 23: 792 (July) 1940. 

Powell gives the following summary of his investigations: 

“When small amounts of spinal fluid were withdrawn in the manner 
outlined, the following observations were made on 56 apparently physi- 
cally well individuals. 

“1. No appreciable change following lumbar puncture was seen 
in visual acuity, intraocular tension, or blood pressure. 

“2. Pathological changes in the eye, including edema and hyperemia 
of the disc, were observed in 16 of the 56 cases. 


“3. Changes in the optic disc were associated with nausea and head- 


W. S. REEsE. 


ache in only 9 of the 16 cases.” 
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DIAGNOSIS AND THERAPY OF TUMORS IN REGION OF CuHIAsy 
P. Knapp, Klin. Monatsbl. f. Augenh. 105: 402 (Oct.) 1940, — 


The author reviews the anatomy, physiology and topography of the 
hypophysis and the pathologic processes influencing the chiasm. Tumors 
in the region of the chiasm are discussed with reference to the differential 
diagnosis, external changes, intraocular symptoms, field of vision and 
roentgenologic data. Related conditions, such as arachnoiditis, Foster 
Kennedy’s syndrome and Simmons’ cachexia are discussed, and the 
importance of the relation between the hypophysis and the midbrain js 
stressed. Valuable hints are given relative to the therapy, roentgenologic 
and surgical. The hypophysis exerts a dominant role in the endocrine 
system by regulating the sexual system and the metabolism of lime, fat 
and carbohydrate. In addition, it forms a functional entity with the 
nervous centers of the midbrain: This explains why pathologic proc- 
esses in either organ produce similar symptoms. When suspecting 
a tumor of the hypophysis one must remember that widening of the 
sella turcica and bitemporal hemianopsia may be due to bulging of the 
third ventricle caused by a tumor or internal hydrocephalus and that 
even a remote tumor of the brain may cause changes in the sella turcica 
by increased intracranial pressure. Since choked disk occurs rarely in 
association with an intrasellar tumor, it would count against the presence 
of such a tumor, but simple atrophy of the optic nerve by pressure is 
the rule. 

Choked disk develops more frequently with the appearance of a 
suprasellar neoplasm. Of therapeutic importance is the fact that chromo- 
philic (acidophilic and basophilic) adenomas of the hypophysis usually 
respond well to roentgen irradiation, whereas chromophobe forms, 
meningiomas and tumors of the duct of the hypophysis, respond but 
slightly or not at all. Irradiation may be successful even in the treatment 
of a malignant or unclassified tumor. It should be employed first in 
most cases and surgical measures resorted to after it has failed, when 
dangerous symptoms arise or when the vision and the field of vision 
deteriorate rapidly. K. L. Srou 


OcuLAR SYMPTOMS OF MALIGNANT TUMORS OF THE RHINOPHARYNX. 
E. GopTFREDSEN, Acta ophth. 18: 336, 1940. 


Between 1931 and 1940, 64 patients with malignant tumors of the 
nasopharynx were observed at the radium station in Copenhagen, Den- 
mark. Twenty showed ocular complications. 

Characteristically, tumors in this region, which may be sarcoma, car- 
cinoma or endothelioma, occur in relatively young persons. The deep 
cervical nodes may be involved by extension through the lymphatics 
while the tumor remains small. Compression of the cervical sympathetic 
nerve by these nodes may produce Horner’s syndrome. Growth of the 
tumor upward, through the foramens in the base of the skull, may lead to 
involvement of any of the nerves supplying the eye. The 20 patients 
had fifty lesions of the ocular nerves. 

In the author’s series roentgen therapy exerted favorable effects. In 
1940, 7 patients were alive and had been free from symptoms for from 
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six months to seven years. Thirteen died in from seven months to five 
years after the first appearance of symptoms. Of these, 6 had periods 
of transitory improvement varying from two months to three years. 


O. P. PERKINS. 


Ocular Muscles 


ConVERGENCE. M. Dosson, Brit. J. Ophth. 25: 66 (Feb.) 1941. 


Dobson considers the subject of convergence under the headings of 
physiologic exophoria and diagnosis of convergent imbalances. Of the 
various tests used to investigate the presence of insufficient or excessive 
convergence, the cover test is perhaps the most accurate. The prism 
stereoscope test is reliable for estimating convergence stability at the 
reading distance. If duction reserves are normal, many imbalances cause 
no symptoms whatever. 

The treatment of heterophoria is outlined, and a number of practical 


suggestions are made. W. ZENTMAYER. 


THE MEASUREMENT OF HETEROPHORIA. N. CRIDLAND, Brit. J. Ophth. 
25: 141 (April) 1941. 


According to the author, the purpose of this paper is to collect, in 
some measure to collate and occasionally to assay the literature of 
seventy years. Having done this, he summarizes, of necessity dogmat- 
ically, the conclusions reached. 


“(1) There are four positions of rest of the eyes; each is the result 
of additional factors operating upon its predecessor. 


“(2) The anatomical position of rest is the resultant of all anatomical 
and non-nervous physiological factors and, in the absence of secondary 
pathological changes, it is, invariably, divergence. 


“(3) In the physiological position of rest is added the effect of 
minimal, balanced, tonus of all the extra-ocular muscles. It is closely 
akin to the anatomical position of rest. 

“(4) The physiological position of rest is changed into the fusion- 
free position by the addition of the effects of the postural and fixation 
reflexes. 


“(5) The functional primary direction is visual parallelism. 


“(6) According to the test employed, and the care given to the 
ancillary conditions, the position of rest revealed by any test for heter- 
ophoria may be the fusion-free position, or some position intermediate 
between this and the physiological position of rest, or any perversion 
of either of these. The physiological position of rest is not obtained by 
any practicable test yet devised. 


“(7) Basic heterophoria is the latent tendency of the eyes in vision 
at infinity to deviate from the functional primary direction, in the 
presence of actual or effective emmetropia. 

“(8) The criteria of efficiency of a test for heterophoria depend on 
the position of rest which it is desired to obtain. Since, for most prac- 
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tical purposes, the fusion-free position is required, the fusion reflex 
is to be excluded, and the postural and fixation reflexes are to be 
stimulated in such ways only as will not cause a false deviation of the 
visual axes. 


“(9) There are many ways of so stimulating the postural or fixation 
reflexes or both as to cause a deviation which vitiates the measurement 


of a heterophoria. The majority of tests are open to damaging criticism 
on these grounds. 


“(10) The wearing of glasses for a test is insufficient, for they must 
have been worn previously for long enough to have re-established a 
normal accommodation-convergence ratio. With this precaution, the 
use of a cycloplegic is unnecessary. 

“(11) The deviation must be given time to develop; generally 
speaking, enough time has been given when two successive measure- 
ments are the same. 


“(12) The range of variations of the deviation can, with care, be 
made small enough to render a single measurement significant.” 


The article is to be concluded. W. ZENTMAYER 


Operations 


EXTERNAL SCLERAL INCISION IN A SHALLOW ANTERIOR CHAMBER, 
A. Poxrowsky, Vestnik oftal. 16: 295, 1940. 

The external scleral incision is advocated as the best approach to 
the angle of the anterior chamber, to the base of the iris for iridectomy 
and to the iris for removal of anterior and posterior synechias. The 
operation is simple and can be done by an inexperienced surgeon. 
There is no danger of injuring the lens; the uneven scar of the sclera 
renders it less rigid, which is valuable in the case of glaucoma. With a 
scalpel perpendicular to the surface of the sclera Pokrowsky makes an 
incision about 10 mm. long above the limbus. Whenever the iris did 
not appear in the wound he entered the anterior chamber, freed the 
adhesions and pulled out the iris with iris forceps. 

Of the patients operated on, the majority (62) had secondary 
glaucoma due to leukoma, seclusion of the pupil or staphyloma; 14 had 
acute or chronic inflammatory glaucoma; 2 had fistula of the cornea, 
and an iridotomy was performed on the blind eye of 2 because of 
sympathetic ophthalmia and of 3 because of cysts of the iris in the 
anterior and posterior chambers of the eye. In 23 cases an iridectomy 
was done both for glaucoma and for optical purposes. 

Of the cases of secondary glaucoma, the tension was lowered in 56 
and the vision improved in about half. Normal tension and improve- 
ment of vision were obtained in the cases of prophylactic iridectomy. In 
the 2 cases of sympathetic inflammation the vision was improved. The 
removal of cysts of the iris was possible because of the external incision 
of the sclera, which made the anterior chamber accessible. 


©. SITCHEVSKA. 
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Orbit, Eyeball and Accessory Sinuses 


MALIGNANT ExopHTHALMos AFTER StruMECTOMY. V. A. JENSEN, 
Acta ophth. 18:1, 1940. 


The author records the histories of 4 patients with exophthalmic 
goiter in whom malignant exophthalmos developed after partial 
thyroidectomy. 

From a review of the literature it is concluded that this com- 
plication affects men more often than women and appears about nine 
months after operation on the thyroid. Characteristically, conjunctival 
hyperemia and epiphora are followed by pronounced proptosis, chemosis 
of the eyelids and conjunctiva and reduction of motility of the globe. 
Diplopia may occur as a result of mechanical interference with the 
function of an extraocular muscle, and vision may be affected by 
papilledema. The classic lid signs of Graefe, Moebius and Stellwag are 
absent. The basal metabolic rate is usually decreased by 10 to 20 per 
cent. 

The origin of the condition is still unsolved, though animal experi- 
mentation indicates that abnormal activity of the anterior lobe of the 
hypophysis in the presence of a diminished function of the thyroid may 
be responsible. 

The author advocates surgical intervention in the form of Naffziger’s 
operation or Sewell’s operation at the first sign of a corneal complication. 


O. P. PERKINS. 


Pharmacology 


CoMPARATIVE STUDY OF BENZEDRINE, PAREDRINE, AND COCAINE WITH 
HoMATROPINE AS CycLopLecics. E. B. WEINMAN and F. B. 
Fratick, Am. J. Ophth. 23: 172 (Feb.) 1940. 


Weinman and Fralick conclude from their tests that a solution con- 
taining 4 per cent homatropine hydrobromide and 0.5 per cent cocaine 
hydrochloride in six instillations at ten minute intervals gives a residual 
accommodation of from 0.7 to 1.6 D. which lasts for several hours and 
allows a long period in which to complete the refraction. In many cases 
the solution causes dulness of the cornea, hindering retinoscopy. One 
insertion of a wafer containing 4%» grain (0.0012 Gm.) of homatropine 
hydrochloride and %» grain (0.0012 Gm.) of cocaine hydrochloride 
causes approximately the same degree of cycloplegia, but there is a 
foreign body sensation which cannot be completely relieved with ponto- 
caine hydrochloride. Equally good cycloplegia is obtained with 1 drop 
of a solution containing 5 per cent homatropine hydrobromide and 1 
per cent amphetamine sulfate but the cycloplegia is not lasting and the 
optimum time for refraction is fifty-five minutes, the eye returning to nor- 
mal in eighteen hours. The pupil is widely dilated by this means, and the 
cornea remains clear and bright. A similar effect is obtained with a 
solution containing 5 per cent homatropine hydrobromide and 1 per 
cent paredrine hydrobromide (p-hydroxy-a-methylphenethylamine 
hydrobromide). This solution is said to be more satisfactory, as it does 
not cause an increase in the intraocular pressure, but the cycloplegia is 
slightly more prolonged. 


W. S. REESE. 
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The Pupil 


Tue Tasetic Puri. P. W. Leatrnart, Brit. J. Ophth. 25:11 
(March) 1941, 


Leathart gives the following summary of his article: 


“1. The anatomy of the three primary ocular reflexes is described 
in detail. 

“2. The characteristics of the tabetic pupil are enumerated. 

“3. It is shown how it is almost impossible for a mid-brain lesion 
to produce pupils with the characteristics of a tabetic pupil without 
at the same time causing other physical signs. 

“4. It is pointed out that a hypothetical lesion in the brachium 
of the superior colliculus of both sides produces pupils with all the 
characteristics of the tabetic pupil. 


“5. It is postulated that such lesions are present in tabetics and are 
the cause of the Argyll Robertson pupil. 


“6. A possible explanation of the fact that syphilitic poison destroys 
afferent fibers of posterior spinal roots and of the brachia of the superior 
colliculi is given. 

“7. It is postulated that such lesions are present in tabes in the 
posterior roots and in the brachia of the superior colliculi and are the 
cause of absent knee and ankle reflexes and of the Argyll Robertson 


pupils respectively.” W. ZENTMAYER, 


Physiology 


THe MECHANISM OF AQUEOUS SECRETION IN MAMMALIA. T. 
HeENperson, Brit. J. Ophth. 25: 30 (Jan.) 1941. 


In conclusion Henderson says: 

“A study of the comparative anatomy of the angle of the anterior 
chamber in mammalia demonstrates the following :— 

“‘(1) The anatomical conditions in the eye negative aqueous forma- 
tion by mere physical operations. 


“(2) The first insurmountable obstacle to the theory of aqueous 
formation by dialysis or filtration or any combination of the two, is 
the fact that the stroma of the ciliary body and processes is in free 
communication with the aqueous at the angle. 


“(3) The second and equally insuperable objection is the presence 
of the double layer of epithelial cells covering the ciliary processes and 
lining the back of the iris. 


“(4) The aqueous cannot be a dialysis from the capillaries of the 
ciliary processes because such a fluid will still be on the wrong side of 
the ciliary epithelium, only to drain directly into the angle. 

“(5) The aqueous cannot be a filtration as there is no difference of 
hydrostatic level between the two sides of the ciliary epithelium. 

“(6) The aqueous cannot be a filtrate-dialysis as the components of 
the combination are mechanically ineffective. 

“From the clinical aspect, the condition of iris bombé and its relief by 
iridectomy are practical proof that the epithelium covering the processes 
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and back of the iris is not an inert membrane. Only by secretory 
activity can fluid be transmitted from the capillaries of the ciliary 
processes into the posterior chamber and iris bombé results because 
igmented iris epithelium is not porous. Filtrate dialysis is a conception 
of function operating without a mechanism.” 


The article is illustrated. W. Zuwreaeen 


Refraction and Accommodation 


New THOUGHTS ON THE ORIGIN OF Myopra. K. LiInpNer, Klin. 
Monatsbl. f. Augenh. 103:582 (Dec.) 1939, 


Lindner contradicts Steiger’s idea that the myopia of school chil- 
dren is an unavoidable hereditary destiny, maintaining that its progress 
may be stopped by exact correction of the visual error, limitation of 
close work and other precautionary measures. He goes as far as to 
say that the development of myopia may be prevented in most cases 
by elimination of near work and that malignant myopia may be arrested 
by proper measures. That heredity cannot be an essential factor in the 
causation of the myopia of school children may be gathered from the 
fact that this type of myopia was more frequent in catholic students 
of theology, whose parents were farmers or working people, than among 
protestant students of theology, who were descendants of teachers or 
preachers. It is caused by near work. Heredity, on the other hand, 
is an essential factor in malignant myopia, which may occur without 
the influence of close work. Lindner blames disturbances of the capil- 
laries by toxins and a deficiency of oxygen for the thinning of the sclera. 
Blood plasma and enzymes accumulate because of the toxic lesion or 
the oxygen deficiency in a quantity which cannot be handled by the 
venous capillaries and by the vortex veins. With normal intraocular 
pressure extension of the sclera may follow gradually as a result of 
softening of the sclera by the abnormal composition of the nourishing 
fluid, which contains, for example, an excess of carbon dioxide. Uni- 
lateral myopia may be explained by abnormal narrowing of the vortex 
veins or insufficient development of the subcapillary and suprachoroidal 
membranes of one eye. 


Myopia may develop during or as a consequence of severe general 
diseases through damage to the capillaries and serous permeation of the 
choroid in the area of the posterior pole of the eye which receives the 
greater strain. 


Only that type of near work will increase myopia which demands 
extensive metabolism of the retina, namely reading, with its constant 
change of the picture under observation. Watch makers show little 
tendency toward myopia because they observe more or less the same 
picture during their work. Type setters, on the other hand, show a high 
percentage of myopia because, although their work is not especially 
close to the eyes, they are constantly under the influence of poisons 
which lead to lesions of the capillaries and an increase in the transuda- 
tion of plasma and enzymes, with their damaging influence on the 


sclera. K. L. Stott. 
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STABILITY OF ACCOMMODATION IN PATIENTS WITH INFECTIOUS Djs- 
EASES. B. KALASHNIKOFF, Vestnik oftal. 14:35, 1939. 


An ergograph constructed by Zimkin in 1932 and the method of 
using it are described. Kalashnikoff made 414 examinations of patients 
with infectious diseases and of persons with normal eyes, using atropine 
given by mouth and by rectum; 1,014 examinations (2,850 curves) 
with various objects made it possible to establish five types of curves 
of stability of accommodation (illustrated). Study of the curves asso- 
ciated with tonsillitis, grip, pneumonia, typhoid and malaria showed an 
absence of specificity. The type of the curve depends mostly on the 
state of toxicity of the accommodative apparatus during the examina- 
tion and the illness, as any type of curve might be obtained, from the 
fifth to the first individually or in various combinations. A detailed 
analysis of the curves is given. Kalashnikoff arrives at the following 
conclusions : 


1. The influence of infection on the accommodative apparatus varies. 
The oculomotor nerve endings are affected; in some cases the whole 
ciliary body and in others the nuclei of the oculomotor nerve are 
involved. Other factors as well as the direct influence of the affected 
accommodative apparatus influence the appearance of the ergograms 
of patients with infectious diseases. Spacing between the shaded lines 
occurs in the ergograms of patients with high temperatures because, 
owing to their difficulty in concentration due to weakness, the handle 
is not moved fast enough. 


2. None of the aforementioned diseases have a specific action on the 
accommodative apparatus; the chief thing is the intoxication of the 
accommodative apparatus, which can be slight, moderate or severe. 
Since various pathologic changes go on in the organism, there are com- 
bined forms of weakening of the accommodative apparatus as a whole, 
with no relation to the character of the disease as a nosologic unit. 


3. Tonsillitis and grip weaken the accommodation most severely; 
sometimes the weakness lasts for a month, i. e. longer than the con- 
valescence. After pneumonia and typhoid the accommodation returns 
to normal during the convalescent period. 

4. The ergograph should be used more frequently for examination 
of the stability of accommodation of patients with infectious diseases. 
Close work should not be allowed too soon after the illness. During 
the period of convalescence the illumination and the position of the patient 
should be adjusted according to the patient’s requirements. 


O. SITCHEVSKA. 


Retina and Optic Nerve 


Tue DystropHies OF THE Macuta. A. Sorssy, Brit. J. Ophth. 24: 
469 (Oct.) 1940. 


Sorsby briefly reviews the different varieties of familial diseases con- 
fined largely or exclusively to the central area of the fundus and draws 
the following conclusions: 

“Macular dystrophy presents such a protean range of manifestations 
that the classification suggested by Behr, helpful as it has been, must be 
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regarded as distinctly schematic. The range of ophthalmoscopic appear- 
ances extends from faint mottling of the macular zone to the picture 
seen in ‘Doyne’s choroiditis,’ almost every possible intermediate lesion 
having been reported. The conception of a distinctly isolated macular 
lesion is not valid. There may be present, not only extensive peri- 
macular involvement but also peripheral lesions, and some general 
involvement of the whole fundus is not excessively rare. One case is 
reported showing the association of macular dystrophy with typical 
retinitis pigmentosa. A rigid classification of the macular dystrophies 
on a chronological basis involving distinct age-groups, as postulated 
by Behr, is not borne out by experience. The age of incidence extends, 
just as the ophthalmoscopic appearances do, over a continuous unbroken 
range. 

The apparent complexity of abiotrophic central lesions of the fundus 
lends itself to considerable simplification. Three clear cut types are 
recognizable. 

“(1) Central choroidal sclerosis as shown in a previous paper. 
Here the primary lesion develops in the vascular bed of the choroid. 


“(2) Angeoid streaks—which must now be regarded as part of the 
generalized process of elastosis dystrophica—produced by ruptures in 
the membrane of Bruch and followed by secondary changes. 


“(3) Central retinal dystrophy: Theoretically the central retinal 
dystrophies might show several sub-varieties ; two neuro-epithelial types, 
in one the rods would be involved, in the other the cones; a type 
dependent upon degeneration of the ganglion cells; and a further type 
dependent upon changes in the retinal capillaries supplying the central 
area. On the present material and almost total lack of histological 
information, this fine subdivision is impossible.” 

Sorsby presents the following summary-.of his article: 

“(1) Eight familial groups of macular dystrophy are reported. 


“(2) They illustrate the great range of ophthalmoscopic appear- 
ances, extending from fine mottling of the maculae to ‘exudative’ reac- 
tions, ‘inverse retinitis pigmentosa,’ intense central pigmentary changes, 
hole formation, extensive perimacular involvement and the patterned 
reaction of ‘Doyne’s choroiditis.’ 


“(3) Symptomatically macular dystrophy has an equally wide range. 
The symptoms may be so severe as to constitute total day blindness 
(total colour blindness) or so mild that vision is hardly affected. The 
condition is not necessarily rapid and relentlessly progressive. 

“(4) On the basis of these cases, supported by an analysis of the 
material recorded in the literature, it is held that Best’s congenital 
macular degeneration, Doyne’s choroiditis, Stargardt’s disease and the 
numerous types of central macular dystrophy described by different 
observers constitute a single clinical entity with more than one mode 
of inheritance. 


“(5) This central retinal dystrophy has to be distinguished from 
central choroidal dystrophy (central choroidal sclerosis) and central 
internal limiting membrane dystrophy (angeoid streaks).” 

The article is illustrated with more than fifty black and white draw- 
ings and a number of colored plates. 
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In an appendix to Sorsby’s article Hans Griineberg adds a note on 
the genetic aspects of the macular dystrophies. He says: “. . . no 
decision is yet possible. There undoubtedly exists families in which 
the lesions are (more or less irregularly) dominant, and there undoubt- 
edly are families where the anomaly is due to a recessive gene (or 
genes), as evidenced by the high incidence of consanguineous marriages, 
This difference alone does not prove that the group is genetically 
heterogeneous, as dominant and recessive types may belong to the same 
allelomorphic series. On the other hand, there is no genetic proof that 
the group is homogeneous. The issue cannot be decided on the incom- 


- : we ee" 
plete genetic evidence available as yet. W. ZENTMAYER. 


Uvea 


CHORIORETINITIS CENTRALIS SEROSA DIFFERENTIATED FROM RETINITIS 
CENTRALIS ANGIONEUROTICA. E. B. Srreirr, Klin. Monatsbl. f. 
Augenh. 103:524 (Oct.-Nov.) 1939. 


Chorioretinitis centralis serosa was first described by Asayama in 
1897 and then by other Japanese authors. This disease, apparently fre- 
quent in Japan, is very rare in Europe. The patients, mostly men, 
complain of microteleopsy, metamorphosis, central scotoma, more often 
relative than absolute, disturbed color perception and some other symp- 
toms. The vision is usually undisturbed. The retina in the macular 
region shows well defined edema surrounded by a reflex ring. Fine 
grayish white dots occur within the edematous areas at a later stage. 
Complicating symptoms of tuberculosis, of focal infection and, rarely, of 
syphilis were observed. Streiff reports 2 cases, that of a woman aged 
21 and that of a man aged 27. The details of the first case tally with the 
Japanese reports. In the seeond case additional symptoms were noted— 
a formation in the lower portion of the bullous macular edema, resem- 
bling a hypopyon ; long duration of the disease, and unfavorable prognosis 
for the vision. Comparison of the symptoms of chorioretinitis centralis 
serosa and of retinitis centralis angioneurotica shows the difference 
between these two diseases. 


K. L. STott. 
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SYMPOSIUM ON TUMORS OF THE EYE AND 
ITS ADNEXA 


Tumors of the Eyeball. Dr. Turopore L. Terry (by invitation), 
Boston. 


More than two fifths of retroiridial malignant melanomas are not 
suspected at the time of enucleation. The tumor may be hidden by 
unilateral glaucoma or uveitis and in many cases has been mistaken for 
a simple separation of the retina. 

Conditions simulating the malignant melanoma are disciform degen- 
eration, angioma, neurofibroma, meningioma, dykthoma, metastatic 
chorionepithelioma and carcinoma. A retinoblastoma filling the globe 
must be differentiated from a persistent tunica vasculosa lentis. 


Tumors of the Orbit. Dr. C. S. O’BrIEN (by invitation), Iowa City. 


The orbital tumor occurs at all ages. It may be benign or malignant, 
primary or secondary. A secondary tumor may be the result of exten- 
sion or of metastasis. It usually produces exophthalmos, displacement 
of the globe and limitation of ocular movements. There may be other 
symptoms and signs, such as a visible or palpable mass in the orbit, 
diplopia, edema of the lids, chemosis, hemorrhages, atrophy of the optic 
nerve and papilledema. Tumor-like lesions, such as inflammatory 
pseudotumor, mucocele, cyst, hematoma, emphysema and _ pulsating 
exophthalmos, must be differentiated. Often roentgenograms are an aid 
to diagnosis. As a rule one cannot determine the type of tumor without 
a biopsy. The treatment varies. Excision of the tumor may be indi- 
cated, exenteration of the orbit may be necessary, irradiation may be 
the treatment of choice or other measures may be tried. 


Tumors of Conjunctiva and Lids: A Brief Review. Dr. BERNARD 
SAMUELS. 


This article is published in full in this issue of the ARrcHiIves, 
page 789, 
DISCUSSION OF PAPERS IN SYMPOSIUM 
Dr. JAMES Ewine (by invitation): I think I speak for the audience 
as well as for myself in expressing great satisfaction in being able in 
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one evening to obtain from authorities in different parts of the country 
such an extensive and intensive postgraduate course on tumors of the 
eye. It is to the credit of ophthalmologists that in their specialty clinj- 
cians have taken over very competently the field of pathology. I do not 
know that the same accomplishment has been attained in any other 
medical specialty. Nevertheless, general pathologists, particularly those 
who specialize in the pathology of tumors, have a great interest in 
tumors of the eye, although under ordinary circumstances it is almost 
impossible for them to obtain enough material to compete with oph- 
thalmologists in this broad subject. 

I was impressed by two features of Dr. O’Brien’s presentation: 
First, he has described as occurring in the eye almost every type of 
tumor which develops in the body; second, he was thoroughly impres- 
sive in speaking of the necessity for the ophthalmopathologist to be 
proficient in general pathology and in clinical diagnosis as well so as to 
be able to recognize the primary source of the disease when examining 
a patient with a tumor of the eye. The failure to recognize the primary 
source of the disease is in my opinion the chief fault in the treatment 
of malignant tumors in general. Some physicians do not make a thor- 
ough examination of the patient; they see the tumor and treat it, and 
the patient suffers the consequences. Finally, Dr. O’Brien’s paper was 
so comprehensive and exhaustive that it reminded me of the fact that 
one of the bulkiest volumes which covers any one group of tumors 
refers to the eye, Félix Lagrange’s “Les tumeurs de l'oeil, de l’orbite 
et des annexes” (Paris, G. Steinheil, 1901). 

I should like to make some inquiries relating to Dr. Terry’s dis- 
cussion of melanomas of the eye. The problem of melanomas is more 
acute in relation to the eye than to any other part of the body. From 
the book entitled “Debatable Tumors in Human and Animal Pathology,” 
I was surprised to learn that the authors, Dawson, Innes and Harvey, 
of Edinburgh, concluded that certain ocular melanomas originate from 
the pigmented cells of the retina. They reached this opinion after 
research in the field of embryology. I did not know that there was a 
type of melanoma oculi derived from such cells. 

Not long ago I examined an eye which had been removed because 
of a small tumor in the anterior portion, near the lens, which I regarded 
as a benign nevus. My question pertaining to the ophthalmologist’s 
recognizing a benign nevus in an eye, in which case enucleation of the 
entire eye is not necessary, has been answered by Dr. Terry. How often 
an eye has been enucleated because of a benign nevus no one knows. 
However, the facts that benign nevi occur in the eye as they do in the 
skin and that a benign nevus in the eye does not require enucleation 
are worth emphasizing. 

I should like to know the prevailing opinion regarding the exact 
origin of the choroidal melanoma. Does it arise from the chromato- 
phores of the choroid or from isolated groups of cells of the type of 
nevi? I have never been able to form an opinion because I have never 
seen a melanoma of the choroid in its early formation. Fuchs, Parsons 
and other investigators have observed such nevi in the choroid and 
considered them as probably originating from melanomas. I should 
appreciate it if Dr. Terry would discuss this phase. 
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I should like to know whether a traumatic melanoma has ever been 
observed. I have recently gone over the literature on this subject, and 
I am not convinced that it has. I do not believe that a case of a 
traumatic melanoma which would satisfy a critical observer has ever 
been reported. I believe that repeated trauma will produce a melanoma 
in previously normal tissue; for instance, trauma produced by stepping 
on a nail in the sole of a shoe may cause a tumor in a previously normal 
foot. I do not know whether traumatic melanomas occur in the eye, 
but Dr. Verhoeff and Dr. Knapp told me recently that they had never 
seen a traumatic melanoma of the eye. 

I am happy to be able to describe a tumor of the eye which has not 
been referred to by any of the speakers here. I am indebted to Dr. 
Kelly, of St. Vincent’s Hospital, for this opportunity. This tumor 
developed in 2 of his younger patients. It filled the orbit, caused the 
eyeball to protrude, was attached to the orbital periosteum and extended 
back to the apex. In each case, although the tumor was only partially 
removed it did not fungate like a malignant melanoma. It was coal 
black and hard, like a neurofibroma. It was composed of adult 
chromatophores. In 1 case there was a white streak about 4 mm. 
in diameter through the center of the tumor and on section this proved 
to be a neuroma or a neurinoma. How would these two tumors be 
classified? Apparently they were not malignant, because they have not 
recurred. Possibly they will recur later. They certainly did not have 
the characteristics of malignant melanomas. My conclusion is that they 
were tumors of a peculiar type, which could best be called the chromato- 
phoroma. They were comparable to the mongolian spot, which is a 
benign process composed exclusively of adult chromatophores. Rela- 
tively benign chromatophoromas also occur in the epidermis. 

I am of the opinion that melanomas should not all be classified as 
of one type. According to Masson, there is one type which is derived 
from the specialized cells of the peripheral sensory nerve endings. It 
is malignant. There is another type composed of chromatophores, which 
I prefer to call chromatophoromas, which is illustrated in the 2 cases 
of an intraorbital melanoma which I have just described. There is also 
evidence in favor of classifying the comparatively benign chromato- 
phoroma with melanosis oculi, although diffuse melanosis usually termi- 
nates fatally. Finally, the mongolian spot is a chronic, comparatively 
benign tumor composed exclusively of chromatophores. I am inclined 
to think that ophthalmologists should entertain the idea of recognizing 


in and about the eye a benign type of chromatophoroma, separate from 
true melanoma. 


Dr. LoutsE H. MEEKER: The little I have to offer can best be 


illustrated by showing three pictures on the screen. (Slides were 
shown. ) 


Case 1 (Hemangioma of the Choroid).—In more than twenty-five 
years but one tumor of this kind has been examined in the laboratory 
with which I am associated. The eye was removed because of absolute 
glaucoma and because of intense pain which had continued for two 
weeks. The patient had been growing blind for ten years. When the 
eye was sectioned the folds of the retina were seen to hide the tumor, 
which was at the right of the papilla. The tumor was not disclosed 
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until sections were made for microscopic study. In the next slide, of 
higher magnification, it is evident that a cavernous hemangioma (a 
benign tumor) was present. No other nevus was observed. 


Case 2 (Amputation Neuroma).—The tumor in this case also was 
not suspected when the eye was enucleated. The patient was a youth 
19 years old who had been blind sin¢e birth. He had a “phthisis bulbj” 
eye. At the left was a loop of the long posterior ciliary nerve under 
the conjunctiva. On the right the long posterior ciliary nerve, together 
with tissues of the eye, was ruptured by the instrumental delivery. The 
nerve could be seen to have grown through the choroid and was enlarged 
greatly at the ciliary body. (The darker blue areas are calcific deposits, ) 
In the square are groups of ganglion cells, which could be seen at various 
points over the nerve. The tumor was benign, and there had been no 
recurrence at the end of five years. 


Case 3 (Plexiform Neuroma of the Choroid).—In this case diag- 
nosis of absolute glaucoma, ulcer of the cornea and hypopyon were made 
after removal of the eye. Glaucoma was evidenced by the appearance 
of the narrowed angles, the adherent iris and the cupped disk. At the 
fundus the choroid was thickened and extended from the equator. 
Much of the stroma of the choroid was replaced by nerve fibers, which 
extended about the large vessel and through the sclera. Many ganglion 
cells were scattered over. the nerve trunks. There were twenty-nine 
such cells in a single section. In this instance also, at the end of five 
years there had been no recurrence. 


Dr. THEOpoRE L. Terry: Of course it is always a real treat to 
hear Dr. Ewing. 

Perhaps the huge variety of neoplasms to be found in the eye may 
be directly related to the complexity of the embryonic development of 
the eye. The mingling and mixing of various embryonic tissues, such 
as surface ectoderm, neural ectoderm and mesoderm, with the forma- 
tion of tissue so different from that usually produced by such embryonic 
layers, may well give opportunity for tumors to arise. Although many 
pathologic lesions in the choroid give rise to production of bone, I have 
not seen a bone tumor of the choroid, but if I interpret Dr. Ewing’s 
nod correctly, and I see by his smile that I do, he has seen even that. 
The questions Dr. Ewing brought up are difficult or impossible to 
answer explicitly. His further discussion has presented to my mind 
perhaps as good an answer as can be given. It is my feeling also that 
a melanoma of the choroid cannot arise from the pigment epithelium of 
the retina because Bruch’s membrane is formed so early. However, 
tissue continuous with and similar to the pigment epithelium of the 
retina may take part in the production of the so-called adenoma of 
the ciliary body and also may have something to do with the neoplasm 
called dykthoma by some observers. Certainly, eyes have been removed 
because of a neoplasm which turned out to be a benign melanoma, or 
should one say a nevus? In my original discussion I intended to point 
out the method of distinguishing between an angioma and a melanoma 
by compression of the globe. Under pressure an angioma should par- 
tially collapse, but the value of pressure in such a differentiation has 
not been proved so far as I know. After observing a true leiomyo- 
sarcoma of the lid become a round cell sarcoma under repeated, unsuc- 
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cessful attempts at removal, I thought that perhaps this process might 
be a key to the origin of the intraocular malignant melanoma, since 
the pigment of the smooth muscle is a part of the uvea, but further 
consideration makes this theory seem overdrawn. It is my opinion that 
such a tumor may arise from cells which ordinarily produce or mature 
into chromatophores. The suggestion of Masson concerning the origin 
of cells bearing melanin is interesting. Theobald applied this view to the 
origin of the malignant melanoma of the choroid, but her arguments 
were based on relatively large neoplasms. I think this contention can 
be proved only by extremely small tumors, because any neoplasm of 
the choroid that approximates 1 cm. in diameter would necessarily con- 
tact nerves somewhere. 

It is interesting to hear what Dr. Ewing offered concerning the two 
possible types of tumors. 

The possibility that trauma is an important etiologic factor always 
is interesting. The frequency of trauma to the eye is so great that its 
relation to the origin of melanomas is questionable. It is not extremely 
uncommon for a person with an intraocular foreign body not to know 
when it could have entered the eye. One can have trauma to the eye, 
then, without remembering it. At present, I rather feel that trauma as 
an etiologic factor is of questionable importance. 

The term chromatophoroma seems a good one. 

The illustrations shown by Dr. Meeker elaborated the subject under 
discussion in a most interesting manner. 
































Directory of Ophthalmologic Societies * 


INTERNATIONAL 
INTERNATIONAL ASSOCIATION FOR PREVENTION OF BLINDNESS 
President: Dr. P. Bailliart, 66 Boulevard Saint-Michel, Paris, 6°, France. 
Secretary-General: Prof. M. Van Duyse, Université de Gand, Gand, Proy. 
Ostflandern, Belgium. 
All correspondence should be addressed to the Secretariat, 66 Boulevard Saint- 
Michel, Paris, 6°, France. 


INTERNATIONAL OPHTHALMOLOGIC CONGRESS 
President: Prof. Nordenson, Serafimerlasarettet, Stockholm, Sweden. 
Secretary: Dr. Ehlers, Jerbanenegade 41, Copenhagen, Denmark. 
: INTERNATIONAL ORGANIZATION AGAINST TRACHOMA 
President: Dr. A. F. MacCallan, 17 Horseferry Rd., London, England. 


PAN-AMERICAN CONGRESS OF OPHTHALMOLOGY 


President: Dr. Harry S. Gradle, 58 E. Washington St., Chicago. 
Executive Secretaries: Dr. Conrad Berens, 35 E. 70th St., New York. Dr. M. E. 
Alvaro, 1511 Consolacao, Sao Paulo, Brazil. 


FOREIGN 
ALL-INDIA OPHTHALMOLOGICAL SOCIETY 
President: Dr. B. K. Narayan Rao, Minto Ophthalmic Hospital, Bangalore. 
Secretary: Dr. G. Zachariah, Flitcham, Marshall’s Rd., Madras. 
BRITISH MEDICAL ASSOCIATION, SECTION ON OPHTHALMOLOGY 


President: Dr. W. Clark Souter, 9 Albyn Pl., Aberdeen, Scotland. 
Secretary: Dr. Frederick Ridley, 12 Wimpole St., London, W. 1. 


CHINESE OPHTHALMOLOGY SOCIETY 


President: Dr. C. H. Chou, 363 Avenue Haig, Shanghai. 
Secretary: Dr. F. S. Tsang, 221 Foochow Rd., Shanghai. 


CHINESE OPHTHALMOLOGICAL SOCIETY OF PEIPING 
President: Dr. H. T. Pi, Peiping Union Medical College, Peiping. 
Secretary: Dr. C. K. Lin, 180 Hsi-Lo-yen, Chienmeng, Peiping. 
Place: Peiping Union Medical College, Peiping. Time: Last Friday of each 

month. 
GERMAN OPHTHALMOLOGICAL SOCIETY 

President: Prof. W. Lohlein, Berlin. 
Secretary: Prof. E. Engelking, Heidelberg. 


HUNGARIAN OPHTHALMOLOGICAL SOCIETY 
President: Prof. H. G. Ditroi, Szeged. 
Assistant Secretary: Dr. Stephen de Grosz, University Eye Hospital, Maria 
ucca 39, Budapest. 
All correspondence should be addressed to the Assistant Secretary. 


MIDLAND OPHTHALMOLOGICAL SOCIETY 
President: Dr. W. Niccol, 4 College Green, Gloucester, England. 


Secretary: Mr. T. Harrison Butler, 61 Newhall St., Birmingham 3, England. 
Place: Birmingham and Midland Eye Hospital. 


* Secretaries of societies are requested to furnish the information necessary 
to make this list complete and keep it up to date. 
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NortH OF ENGLAND OPHTHALMOLOGICAL SOCIETY 
President: Dr. A. MacRae, 6 Jesmond Rd., Newcastle-upon-Tyne, England. 
Secretary: Dr. Percival J. Hay, 350 Glossop Rd., Sheffield 10, England. 
Place: Manchester, Bradford, Leeds, Newcastle-upon-Tyne, Liverpool and Shef- 
field, in rotation. Time: October to April. 
OPHTHALMOLOGICAL SOCIETY OF AUSTRALIA 
President: Dr. A. James Flynn, 135 Macquarie St., Sydney. 
Secretary: Dr. D. Williams, 193 Macquarie St., Sydney. 
OPHTHALMOLOGICAL SociETy OF Ecypr 

President: Prof. Dr. Mohammed Mahfouz Bey, Government Hospital, Alexandria. 
Secretary: Dr. Mohammed Khalil, 4 Baehler St., Cairo. 
All correspondence should be addressed to the Secretary, Dr. Mohammed Khalil. 

OPHTHALMOLOGICAL SOCIETY OF THE UNITED KINGDOM 
President: Mr. T. Harrison Butler, 61 Newhall St., Birmingham 3, England. 
Secretary: Mr. L. H. Savin, 7 Queen St., London, W. 1, England. 


OPHTHALMOLOGY SOCIETY OF BOMBAY 
President: Dr. D. D. Sathaye, 127 Girgaum Rd., Bombay 4, India. 
Secretary: Dr. H. D. Dastur, Dadar, Bombay 14, India. 
Place: H. B. A. Free Ophthalmic Hospital, Parel, Bombay 12. Time: First 
Friday of every month. 
OxForRD OPHTHALMOLOGICAL CONGRESS 
Master: Dr. Percival J. Hay, 350 Glossop Rd., Sheffield 10, England. 
Secretary-Treasurer: Dr. F. A. Anderson, 12 St. John’s Hill, Shrewsbury, England. 
PALESTINE OPHTHALMOLOGICAL SOCIETY 
President: Dr. Arieh Feigenbaum, Abyssinian St. 15, Jerusalem. 
Secretary: Dr. E. Sinai, Tel Aviv. 
PoLIsH OPHTHALMOLOGICAL SOCIETY 
President: Dr. W. KapuScinski, 2 Waly Batorego, Poznan. 
Secretary: Dr. J. Sobanski, Lindley’a 4, Warsaw. 
Place: Lindley’a 4, Warsaw. 
Royat Society OF MEDICINE, SECTION OF OPHTHALMOLOGY 


President: Dr. A. J. Ballantyne, 11 Sandyford Pl., Glasgow, C. 3, Scotland. 
Secretary: Dr. C. Dee Shapland, 15 Devonshire Pl., London, W. 1, England. 
SAo PavuLo Soctety OF OPHTHALMOLOGY 
President: Dr. Jacques Tupinamba, Sao Paulo, Brazil. 
Secretary: Dr. Silvio de Almeida Toledo, Enfermaria Santa Luzia, Santa Casa 
de Misericordia, Cezario Motta St—112, Sao Paulo, Brazil. 
SOcCIEDAD OFTALMOLOGIA DEL LITORAL, ROSARIO (ARGENTINA) 
President: Prof. Dr. Carlos Weskamp, Laprida 1159, Rosario. 
Secretary: Dr. Juan M. Vila Ortiz, Cérdoba 1433, Rosario. 
Place: Rosario. Time: Last Saturday of every month, April to November, 
inclusive. 
All correspondence should be addressed to the President. 

SOCIEDADE DE OPHTALMOLOGIA E OTO-RHINO-LARYNGOLOGIA DA BAHIA 
President: Dr. Francisco Ferreira, Pitangueiras 15, Brotas, S. Salvador, Brazil. 
Secretary: Dr. Adroaldo de Alencar, Brazil. 

All correspondence should be addressed to the President. 


SocreTA OFTALMOLOGICA ITALIANA 


President: Prof. Dott. Giuseppe Ovio, Ophthalmological Clinic, University of 
Rome, Rome. 
Secretary: Prof. Dott. Epimaco Leonardi, Via del Gianicolo, 1, Rome. 
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SocrETE FRANCAISE D’OPHTALMOLOGIE 
Secretary: Dr. René Onfray, 6 Avenue de la Motte Picquet, Paris, 7°. 


SOcIETY OF SWEDISH OPHTHALMOLOGISTS 
President: Prof. K. G. Ploman, Stockholm. 
Secretary: Dr. K. O. Granstrém, Sédermalmstorg 4 IIl tr., Stockholm, Sé, 


Tet Aviv OPHTHALMOLOGICAL SOCIETY 


President: Dr. D. Arieh-Friedman, 96 Allenby St., Tel Aviv, Palestine. 
Secretary: Dr. Sadger Max, 9 Bialik St., Tel Aviv, Palestine. 


NATIONAL 
AMERICAN MEDICAL ASSOCIATION, SCIENTIFIC ASSEMBLY, SECTION ON 
OPHTHALMOLOGY 
Chairman: Dr. Lawrence T. Post, 508 N. Grand Blvd., St. Louis, Mo. 
Secretary: Dr. Derrick Vail, 441 Vine St., Cincinnati. 
Place: Atlantic City. Time: June 8-12, 1942. 
AMERICAN ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY, 
SECTION ON OPHTHALMOLOGY 
President: Dr. Frank R. Spencer, Physicians’ Bldg., Boulder, Colo. 
President-Elect: Dr. Ralph I. Lloyd, 14-8th Ave., Brooklyn. 
Executive Secretary-Treasurer: Dr. William P. Wherry, 1500 Medical Arts 
Bldg., Omaha. 
Place: Chicago. Time: Oct. 19-24, 1941. 
AMERICAN OPHTHALMOLOGICAL SOCIETY 
President: Dr. Allen Greenwood, 82 Commonwealth Ave., Boston. 
Secretary-Treasurer: Dr. Eugene M. Blake, 303 Whitney Ave., New Haven, Conn. 
ASSOCIATION FOR RESEARCH IN OPHTHALMOLOGY, INc. 
Chairman: Dr. John Evans, 23 Schermerhorn St., Brooklyn. 
Secretary-Treasurer: Dr. C. S. O’Brien, University Hospital, Iowa City. 
CANADIAN MEDICAL ASSOCIATION, SECTION ON OPHTHALMOLOGY 
President: Dr. Alexander E. MacDonald, 170 St. George St., Toronto. 
Secretary-Treasurer: Dr. L. J. Sebert, 170 St. George St., Toronto. 
CANADIAN OPHTHALMOLOGICAL SOCIETY 
President: Dr. J. Vaillancourt, 46 St. Louis St., Quebec. 
Secretary-Treasurer: Dr. Alexander E. MacDonald, 421 Medical Arts Bldg,, 
Toronto. 
NATIONAL SOCIETY FOR THE PREVENTION OF BLINDNESS 


President: Mr. Mason H. Bigelow, 1790 Broadway, New York. 
Secretary: Miss Regina E. Schneider, 1790 Broadway, New York. 
Executive Director: Mrs. Eleanor Brown Merrill, 1790 Broadway, New York. 


SECTIONAL 


ACADEMY OF MEDICINE OF NORTHERN NEW JERSEY, SECTION ON 
Eye, Ear, Nose AND THROAT 
President: Dr. Charles W. Barkhorn, 223 Roseville Ave., Newark. 
Secretary: Dr. William F. McKim, 317 Roseville Ave., Newark. 
Place: 91 Lincoln Park South, Newark. Time: 8:45 p. m., second Monday of 
each month, October to May. 


CENTRAL WISCONSIN SOCIETY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 
President: Dr. J. V. May, 1703 Main St., Marinette. 
Secretary: Dr. G. L. McCormick, 626 S. Central Ave., Marshfield. 
Place: Marinette. Time: November 1941. 
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New ENGLAND OPHTHALMOLOGICAL SOCIETY 
President: Dr. William D. Rowland, 84 Commonwealth Ave., Boston. 
Secretary-Treasurer: Dr. Trygve Gundersen, 243 Charles St., Boston. 
Place: Massachusetts Eye and Ear Infirmary, 243 Charles St., Boston. Time: 
8 p. m., third Tuesday of each month from November to April, inclusive. 


Paciric Coast OTo-OPHTHALMOLOGICAL SOCIETY 


President: Dr. Isaac H. Jones, 635 S. Westlake Ave., Los Angeles. 
Secretary-Treasurer: Dr. C. Allen Dickey, 450 Sutter St., San Francisco. 


Pucet Sounp ACADEMY OF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 
President: Dr. Spencer S. Howe, 103 E. Holly St., Bellingham, Wash. 
Secretary-Treasurer: Dr. Barton E. Peden, 419 Stimson Bldg., Seattle. 

Place: Seattle or Tacoma, Wash. Time: Third Tuesday of each month, except 
June, July and August. 


Rock RIver VALLEY Eye, Ear, Nose AND THROAT SOCIETY 
President: Dr. W. H. Elmer, 321 W. State St., Rockford, Ill. 
Secretary-Treasurer: Dr. Harry R. Warner, 321 W. State St., Rockford, Ill. 
Place: Rockford, IIll., or Janesville or Beloit, Wis. Time: Third Tuesday of 
each month from October to April, inclusive. 


SAGINAW VALLEY ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 
President: Dr. M. Kessler, 311 Center Ave., Bay City, Mich. 
Secretary-Treasurer: Dr. J. H. Curts, 330 S. Washington Ave., Saginaw, Mich. 
Place: Saginaw or Bay City, Mich. Time: Second Tuesday of each month, except 

July and August. 


S1ioux VALLEY EYE AND Ear ACADEMY 


President: Dr. J. C. Davis, 1615 Howard St., Omaha. 
Secretary-Treasurer: Dr. J. E. Dvorak, 408 Davidson Bldg., Sioux Falls, S. D. 


SoUTHERN MEDICAL ASSOCIATION, SECTION ON EYE, Ear, NosE AND THROAT 


Chairman: Dr. Grady E. Clay, Medical Arts Bldg., Atlanta, Ga. 
Secretary: Dr. John R. Hume, 921 Canal St., New Orleans. 


SOUTHWESTERN ACADEMY OF Eye, Ear, NoSE AND THROAT 


President: Dr. Franklin P. Maury, Professional Bldg., Tucson, Ariz. 
Secretary: Dr. A. E. Cruthirds, 1011 Professional Bldg., Phoenix, Ariz. 


SOUTHWESTERN MICHIGAN TRIOLOGICAL SOCIETY 
President: Dr. W. M. Dodge, 716 First National Bank Bldg., Battle Creek. 
Secretary-Treasurer Dr. Kenneth Lowe, 25 W. Michigan Ave., Battle Creek. 
Time: Last Thursday of September, October, November, March, April and May. 


WESTERN PENNSYLVANIA Eye, Ear, NosE AND THROAT SOCIETY 


President: Dr. C. H. Bailey, 29 S. Oakland Ave., Sharon. 
Secretary-Treasurer: Dr. J. McClure Tyson, Deposit Nat’l Bank Bldg., DuBois. 


STATE 


ARKANSAS STATE MepicaL Soctety, Eyre, Ear, Nos—E AND THROAT SECTION 
President: Dr. R. R. Kirkpatrick, 6th and Walnut Sts., Texarkana, Ark. 
Secretary-Treasurer: Dr. Raymond C. Cook, 701 Main St., Little Rock. 


CoLORADO OPHTHALMOLOGICAL SOCIETY 
President: Dr. William M. Bane, 1612 Tremont PI., Denver. 
Secretary: Dr. Harry Shankel, Republic Bldg., Denver. 
Place: University Club, Denver. Time: 7:30 p. m., third Saturday of each 
month, October to May, inclusive. 
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Connecticut StaTE Mepicat Society, SEcTION on Eye, Ear, 
NOosE AND THROAT 
President: Dr. Edward N. DeWitt, 836 Myrtle Ave., Bridgeport. 
Secretary-Treasurer: Dr. Henry L. Birge, 179 Allyn St., Hartford. 


Eye, Ear, Nose AND THROAT CLUB OF GEORGIA 


President: Dr. E. N. Maner, 247 Bull St., Savannah. 
Secretary-Treasurer: Dr. C. K. McLaughlin, 567 Walnut St., Macon. 


INDIANA ACADEMY OF OPHTHALMOLOGY AND OT0-LARYNGOLOGY 
President: Dr. F. McK. Ruby, Union City. 
Secretary: Dr. Edwin W. Dyar Jr., 23 E. Ohio St., Indianapolis. 
Place: French Lick. Time: First Wednesday in April. 


Iowa ACADEMY OF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 


President: Dr. J. K. Von Lackum, 117-3d St. S.E., Cedar Rapids. 
Secretary-Treasurer: Dr. B. M. Merkel, 604 Locust St., Des Moines. 


LouISIANA-MISsSISSIPPI OPHTHALMOLOGICAL AND OTOLARYNGOLOGICAL Soctety 


President: Dr. Henry N. Blum, 912 American Bank Bldg., New Orleans. 
Secretary-Treasurer: Dr. Edley H. Jones, 1301 Washington St., Vicksburg, Miss. 


MICHIGAN STATE MEDICAL Society, SECTION OF OPHTHALMOLOGY 
AND OTOLARYNGOLOGY 
Chairman: Dr. Robert H. Fraser, 25 W. Michigan Ave., Battle Creek. 
Secretary: Dr. R. G. Laird, 114 Fulton St., Grand Rapids. 


MINNESOTA ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 
President: Dr. Erling Wilhelm Hansen, 78 S. 9th St., Minneapolis. 
Secretary-Treasurer: Dr. George E. McGeary, 920 Medical Arts Bldg., Min- 

neapolis. 
Time: Second Friday of each month from October to May. 


MontTANA ACADEMY OF OTO-OPHTHALMOLOGY 


President: Dr. A. L. Hammerel, 208 N. Broadway, Billings. 
Secretary: Dr. Fritz D. Hurd, 309 Medical Arts Bldg., Great Falls. 


NEBRASKA ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 


President: Dr. W. Howard Morrison, 1500 Medical Arts Bldg., Omaha. 
Secretary-Treasurer: Dr. John Peterson, 1307 N St., Lincoln. 


New Jersey State Mepicat Society, SECTION ON OPHTHALMOLOGY, 
OTOLOGY AND RHINOLARYNGOLOGY 
Chairman: Dr. Edgar P. Cardwell, 47 Central Ave., Newark. 
Secretary: Dr. Arthur E. Sherman, 243 S. Harrison St., East Orange. 


New York State Mepica Society, Eve, Ear, Nos—E AND THROAT SECTION 


Chairman: Dr. Searle B. Marlow, 109 S. Warren St., Syracuse. 
Secretary: Dr. C. Stewart Nash, 277 Alexander St., Rochester. 


NortH CAROLINA Eye, Ear, NosE AND THROAT SOCIETY 


President: Dr. M. R. Gibson, Professional Bldg., Raleigh. 
Secretary: Dr. Vanderbilt F. Couch, 105 W. 4th St., Winston-Salem. 


Norta DaKxora ACADEMY OF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 


President: Dr. A. E. Spear, Dickinson. 
Secretary-Treasurer: Dr. F. L. Wicks, 516-6th St., Valley City. 
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OREGON ACADEMY OF OPHTHALMOLOGY AND OT0-LARYNGOLOGY 
President: Dr. Paul Bailey, 833 S. W. 11th Ave., Portland. 
Secretary-Treasurer: Dr. R. S. Fixott, 1020 S. W. Taylor St., Portland. 
Place: Good Samaritan Hospital, Portland. Time: Third Tuesday of each month. 


Ruope IsLAND OPHTHALMOLOGICAL AND OTOLOGICAL SOCIETY 
Acting President: Dr. N. Darrell Harvey, 112 Waterman St., Providence. 
Secretary-Treasurer: Dr. Linley C. Happ, 124 Waterman St., Providence. 
Place: Rhode Island Medical Society Library, Providence. Time: 8:30 p. m., 
second Thursday in October, December, February and April. 


SoutH CAROLINA SOCIETY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 
President: Dr. Roderick Macdonald, Rock Hill. 


Secretary: Dr. J. W. Jervey Jr., 101 Church St., Greenville. 
Place: Columbia Hotel, Columbia. Time: November 1941. 


TENNESSEE ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 
President: Dr. Wesley Wilkerson, 700 Church St., Nashville. 
Secretary-Treasurer: Dr. W. D. Stinson, 124 Physicians and Surgeons Bldg., 
Memphis. 
TEXAS OPHTHALMOLOGICAL AND OTO-LARYNGOLOGICAL SOCIETY 


President: Dr. E. L. Goar, 1300 Walker Ave., Houston. 
Secretary: Dr. Dan Brannin, 929 Medical Arts Bldg., Dallas. 
Place: San Antonio. Time: December 1941. 


UtraH OPHTHALMOLOGICAL SOCIETY 
President: Dr. Everett B. Muir, Boston Bldg., Salt Lake City. 
Secretary-Treasurer: Dr. Earl H. Phillips, 623 Judge Bldg., Salt Lake City. 
Place: University Club, Salt Lake City. Time: 7:00 p. m., third Monday of 
each month. 


VIRGINIA SOCIETY OF OTO-LARYNGOLOGY AND OPHTHALMOLOGY 


President: Dr. George G. Hawkins, Newport News. 
Secretary-Treasurer: Dr. Guy Fisher, 3 E. Beverley St., Staunton. 


WEsT VIRGINIA STATE MEDICAL ASSOCIATION, EYE, Ear, NOSE 
AND THROAT SECTION 
President: Dr. George Traugh, 309 Cleveland Ave., Fairmont. 
Secretary: Dr. Welch England, 621% Market St., Parkersburg. 


LOCAL 
AKroN ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 
President: Dr. George E. Black, 7 W. Bowery St., Akron, Ohio. 


Secretary-Treasurer: Dr. C. R. Andersen, 106 S. Main St., Akron, Ohio. 
Time: First Monday in January, March, May and November. 


ATLANTA EyE, EAR, NOSE AND THROAT SOCIETY 
President: Dr. Stacy C. Howell, 144 Ponce de Leon Ave. N. E., Atlanta, Ga. 
Secretary: Dr. Lester A. Brown, 478 Peachtree St. N. E., Atlanta, Ga. 
Place: Grady Hospital. Time: 6:00 p. m., second Wednesday of each month 
from October to May. 


BALTIMORE MEDICAL Society, SECTION ON OPHTHALMOLOGY 
Chairman: Dr. Ernst Bodenheimer, 1212 Eutaw Pl., Baltimore. 
Secretary: Dr. Thomas R. O’Rourk, 104 W. Madison St., Baltimore. 
Place: Medical and Chirurgical Faculty, 1211 Cathedral St. Time: 8:30 p. m. 
fourth Thursday of each month from October to March. 


ee ee 
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BIRMINGHAM EyE, Ear, Nose AND THROAT CLUB 
President: Each member, in alphabetical order. 
Secretary: Dr. Luther E. Wilson, 919 Woodward Bldg., Birmingham, Ala. 


Place: Tutwiler Hotel. Time: €:30 p. m., second Tuesday of each month, Sep- 
tember to May, inclusive. 


BROOKLYN OPHTHALMOLOGICAL SOCIETY 
President: Dr. Maurice Wieselthier, 1322 Union St., Brooklyn. 
Secretary-Treasurer: Dr. Harold F. Schilback, 142 Joralemon St., Brooklyn. 
Place: Kings County Medical Society Bldg., 1313 Bedford Ave. Time: Third 
Thursday in February, April, May, October and December. 


BuFFALO OPHTHALMOLOGIC CLUB 


President: Dr. Meyer H. Riwchun, 367 Linwood Ave., Buffalo. 
Secretary-Treasurer: Dr. Sheldon B. Freeman, 196 Linwood Ave., Buffalo, 
Time: Second Thursday of each month. 


CHATTANOOGA SOCIETY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 
President: Each member, in alphabetical order. 
Secretary: Dr. Douglas Chamberlain, Chattanooga Bank Bldg., Chattanooga, Tenn, 
Place: Mountain City Club. Time: Second Thursday of each month from Sep- 
tember to May. 
CHICAGO OPHTHALMOLOGICAL SOCIETY 
President: Dr. Sanford Gifford, 720 N. Michigan Ave., Chicago. 
Secretary-Treasurer: Dr. Vernon M. Leech, 55 E. Washington St., Chicago. 


Place: Chicago Towers Club, 505 N. Michigan Ave. Time: Third Monday of 
each month from October to May. 


CINCINNATI GENERAL HOSPITAL OPHTHALMOLOGY STAFF 
Chairman: Dr. D. T. Vail, 441 Vine St., Cincinnati. 
Secretary: Dr. A. A. Levin, 441 Vine St., Cincinnati. 
Place: Cincinnati General Hospital. Time: 7:45 p. m., third Friday of each 
month except June, July and August. 


CLEVELAND OPHTHALMOLOGICAL CLUB 


Chairman: Dr. W. J. Abbott, 10515 Carnegie Ave., Cleveland. 
Secretary: Dr. L. V. Johnson, 2065 Adelbert Rd., Cleveland. 
Time: Second Tuesday in October, December, February and April. 


COLLEGE OF PHYSICIANS, PHILADELPHIA, SECTION ON OPHTHALMOLOGY 
Chairman: Dr. Francis H. Adler, 313 S. 17th St., Philadelphia. 
Clerk: Dr. W. S. Reese, 1901 Walnut St., Philadelphia. 
Time: Third Thursday of every month from October to April, inclusive. 


CoLuMBUS OPHTHALMOLOGICAL AND OTO-LARYNGOLOGICAL SOCIETY 
Chairman: Dr. C. D. Postle, 240 E. State St., Columbus, Ohio. 


Secretary-Treasurer: Dr. Hugh C. Thompson, 289 E. State St., Columbus, Ohio. 
Place: The Neil House. Time: 6 p. m., first Monday of each month. 


Corpus CurRIst1 Eye, Ear, NosE AND THROAT SOCIETY 


Chairman: Dr. F. K. Stroud, 416 Chaparral St., Corpus Christi, Texas. 

Secretary: Dr. Arthur Padilla, 414 Medical Professional Bldg., Corpus Christi, 
Texas. 

Time: Second Friday of each month from October to May. 
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Da.LLtas ACADEMY OF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 
President: Dr. L. A. Nelson, 4105 Live Oak St., Dallas, Texas. 
Secretary: Dr. S. F. Harrington, 921 Medical Arts Bldg., Dallas, Texas. 
Place: Dallas Athletic Club. Time: 6:30 p. m., first Tuesday of each month 
from October to June. The November, January and March meetings are 
devoted to clinical work. 


Des Motnes ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 
President: Dr. H. C. Schmitz, 604 Locust St., Des Moines, Iowa. 
Secretary-Treasurer: Dr. Byron M. Merkel, 604 Locust St., Des Moines, Iowa. 
Time: 7:45 p. m., third Monday of every month from September to May. 


DETROIT OPHTHALMOLOGICAL CLUB 
Chairman: Members rotate alphabetically. 
Secretary: Dr. Harvey E. Dowling, 2414 Eaton Tower, Detroit. 
Time: 6:30 p. m., first Wednesday of each month. 


DETROIT OPHTHALMOLOGICAL SOCIETY 
President: Dr. Parker Heath, 1553 Woodward Ave., Detroit. 
Secretary: Dr. Leland F. Carter, 1553 Woodward Ave., Detroit. 
Place: Club rooms of Wayne County Medical Society. Time: Third Thursday 
of each month from November to April, inclusive. 


EASTERN New York Eye, Ear, Nos—E AND THROAT ASSOCIATION 
President: Dr. James M. Dunn, 1352 Union St., Schenectady. 
Secretary-Treasurer: Dr. Joseph L. Holohan, 330 State St., Albany. 

Time: Third Wednesday in October, November, March, April, May and June. 


Fort WortH Eye, Ear, NosE AND THROAT SOCIETY 
President: Dr. W. R. Thompson, 602 W. 10th St., Fort Worth, Texas. 
Secretary-Treasurer: Dr. A. E. Jackson, 602 W. 10th St., Fort Worth, Texas. 
Place: Medical Hall, Medical Arts Bldg. Time: 7:30 p. m., first Friday of each 
month except July and August. 


Houston ACADEMY OF MEDICINE, OPHTHALMOLOGICAL AND 
OtTo-LARYNGOLOGICAL SECTION 
President: Dr. Wallace W. Ralston, 1304 Walker Ave., Houston, Texas. 
Secretary: Dr. William J. Snow, 708 Medical Arts Bldg., Houston, Texas. 
Place: Medical Arts Bldg., Harris County Medical Society Rooms. Time: 8 p. m., 
second Thursday of each month from September to June. 


INDIANAPOLIS OPHTHALMOLOGICAL AND OTOLARYNGOLOGICAL SOCIETY 
President: Dr. John I. Garret, 57 Stokes Bldg., Indianapolis. 
Secretary: Dr. Kenneth L. Craft, 23 E. Ohio St., Indianapolis. 
Place: Indianapolis Athletic Club. Time: 6:30 p. m., second Thursday of each 
month from November to May. 


Kansas City Society oF OPHTHALMOLOGY AND OT0-LARYNGOLOGY 
President: Dr. Homer Beal, 1103 Grand Ave., Kansas City, Mo. 
Secretary: Dr. Desmond Curran, Federal Reserve Bank Bldg., Kansas City, Mo. 
Time: Third Thursday of each month from October to June. The November, 
January and March meetings are devoted to clinical work. 


Lonc Beacu Eye, Ear, Nose AND THROAT SOCIETY 
Chairman: Dr. Harold Snow, 614 S. Pacific Ave., San Pedro, Calif. 
Secretary-Treasurer: Dr. Oliver R. Nees, 508 Times Bldg., Long Beach, Calif. 


Place: Professional Bldg. Time: Last Wednesday of each month from October 
to May. 








Seen aie are aeons 
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Los ANGELES SOCIETY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 
President: Dr. Harold Mulligan, 1680 N. Vine St., Los Angeles. 
Secretary-Treasurer: Dr. Colby Hall, 1136 W. 6th St., Los Angeles. 

Place: Los Angeles County Medical Association Bldg., 1925 Wilshire Blvd. Time: 
6:00 p. m., fourth Monday of each month from September to May, inclusive. 
LouISsvILLE EYE AND Ear Society 
President: Dr. Joseph S. Heitger, Heyburn Bldg., Louisville, Ky. 
Secretary-Treasurer: Dr. J. W. Fish, 321 W. Broadway, Louisville, Ky. 
Place: Brown Hotel. Time: 6:30 p. m., second Thursday of each month from 
September to May, inclusive. 
MEDICAL SocIETY OF THE District OF COLUMBIA, SECTION OF 
OPHTHALMOLOGY AND OTOLARYNGOLOGY 
Chairman: Dr. E. J. Cummings, 1835 I St. N. W., Washington. 
Secretary: Dr. P. S. Constantinople, 1835 I St. N. W., Washington. 


Place: 1718 M St. N. W. Time: 8 p. m.,, third Friday of each month from 
October to April, inclusive. 


MEMPHIS SOCIETY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 
Chairman: Each member, in alphabetical order. 
Secretary: Dr. Sam H. Sanders, 1089 Madison Ave., Memphis, Tenn. 


Place: Eye Clinic of Memphis Eye, Ear, Nose and Throat Hospital. Time: 8 p. m.,, 
second Tuesday of each month from September to May. 


MILWAUKEE OtT0-OPHTHALMIC SOCIETY 
President: Dr. John B. Hitz, 411 E. Mason St., Milwaukee. 
Secretary-Treasurer: Dr. Ralph T. Rank, 238 W. Wisconsin Ave., Milwaukee. 
Place: University Club. Time: 6:30 p. m., second Tuesday of each month. 

MONTGOMERY CouNTYy MEDICAL SOocIETY 
Chairman: Dr. H. V. Dutrow, 1040 Fidelity Medical Bldg., Dayton, Ohio. 
Secretary-Treasurer: Dr. Maitland D. Place, 981 Reibold Bldg., Dayton, Ohio. 
Place: Van Cleve Hotel. Time: 6:30 p. m., first Tuesday of each month from 

October to June, inclusive. 

MONTREAL OPHTHALMOLOGICAL SOCIETY 
President: Dr. J. Rosenbaum, 1396 Ste. Catherine St. W., Montreal, Canada. 
Secretary: Dr. L. Tessier, 1230 St. Joseph Blvd. E., Montreal, Canada. 
Time: Second Thursday of October, December, February and April. 

NASHVILLE ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 
Chairman: Dr. Andrew Hollabaugh, Doctors Bldg., Nashville, Tenn. 
Secretary: Dr. Guy Maness, Medical Arts Bldg., Nashville, Tenn. 
Place: St. Thomas Hospital. Time: 8 p. m., third Monday of each month from 
October to May. 

New Haven OPHTHALMOLOGICAL SOCIETY 
President: Dr. William H. Ryder, 185 Church St., New Haven, Conn. 
Secretary: Dr. Frederick A. Wies, 255 Bradley St., New Haven, Conn. 

NEw ORLEANS OPHTHALMOLOGICAL AND OTOLARYNGOLOGICAL SOCIETY 

President: Dr. W. B. Clark, 1012 American Bank Bldg., New Orleans. 
Secretary: Dr. Mercer G. Lynch, 1018 Maison Blanche Bldg., New Orleans. 


Place: Louisiana State University Medical Bldg. Time: 8 p. m., second Tuesday 
of each month from October to May. 


New YorK ACADEMY OF MEDICINE, SECTION OF OPHTHALMOLOGY 
Chairman: Dr. Algernon Reese, 73 E. 71st St., New York. 
Secretary: Dr. Brittain Payne, 896 Madison Ave., New York. 
Time: 8:30 p. m., third Monday of every month from October to May, inclusive. 
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New York Society ror CLINICAL OPHTHALMOLOGY 
President: Dr. James W. Smith, 1016-5th Ave., New York. 
Secretary: Dr. Benjamin Esterman, 983 Park Ave., New York. 
Place: Squibb Hall, 745-5th Ave. Time: 8 p. m., first Monday of each month 
from October to May, inclusive. 


OKLAHOMA City ACADEMY OF OPHTHALMOLOGY AND OTOLARYNGOLOGY 
President: Dr. R. E. Leatherock, Cushing, Okla. 
Secretary: Dr. Harry C. Ford, 1014 Medical Arts Bldg., Oklahoma City. 
Place: University Hospital. Time: Second Tuesday of each month from Sep- 
tember to May. 


OMAHA AND CouNcIL BLUFFS OPHTHALMOLOGICAL AND 
Oto-LARYNGOLOGICAL SOCIETY 
President: Dr. Harold Gifford, 1620 Medical Arts Bldg., Omaha. 
Secretary-Treasurer: Dr. W. Howard Morrison, 1500 Medical Arts Bldg., Omaha. 
Place: Omaha Club, 20th and Douglas Sts., Omaha. Time: 6 p. m., dinner; 
7 p. m., program; third Wednesday of each month from October to May. 


PASSAIC-BERGEN OPHTHALMOLOGICAL CLUB 
President: Dr. L. Markowitz, 16 Church St., Paterson, N. J. 
Secretary-Treasurer: Dr. A. John Reinhorn, 302 Broadway, Paterson, N. J. 
Place: Paterson Eye and Ear Infirmary. Time: 9 p. m., last Friday of every 
month, except June, July and August. 


PHILADELPHIA County MeEpIcAL SocrEty, EYE SEcTIoNn 
Chairman: Dr. Edmund B. Spaeth, 1930 Chestnut St., Philadelphia. 
Secretary: Dr. Wilfred E. Fry, 1819 Chestnut St., Philadelphia. 
Time: First Thursday of each month from October to May. 


PITTSBURGH OPHTHALMOLOGICAL SOCIETY 
President: Dr. J. Clyde Markel, 200-9th St., Pittsburgh. 
Secretary: Dr. George H. Shuman, 351-5th Ave., Pittsburgh. 
Place: Pittsburgh Academy of Medicine Bldg. Time: Fourth Monday of each 
month, except June, July, August and September. 


READING Eyre, Ear, NosE AND THROAT SOCIETY 
President: Dr. James E. Landis, 232 N. 6th St., Reading, Pa. 
Secretary: Dr. Paul C. Craig, 232 N. 5th St., Reading, Pa. 
Place: Wyomissing Club. Time: 6:30 p. m., third Wednesday of each month 
from October to July. 


RICHMOND OPHTHALMOLOGICAL AND OTO-LARYNGOLOGICAL SOCIETY 
President: Dr. W. F. Bryce, Medical Arts Bldg., Richmond, Va. 
Secretary: Dr. Richard W. Vaughan, Medical Arts Bldg., Richmond, Va. 
Place: Westmoreland Club. Time: 6 p. m., second Monday of each month from 
October to May. 


RocHESTER Eyre, Ear, NosE AND THROAT SOCIETY 


President: Dr. E. J. Avery, 11 N. Goodman St., Rochester, N. Y. 
Secretary-Treasurer: Dr. Charles T. Sullivan, 277 Alexander St., Rochester, N. Y. 


St. Louis OPHTHALMIC SOCIETY 


President: Dr. William M. James, 508 N. Grand Blvd., St. Louis. 

Secretary: Dr. H. Rommel Hildreth, 823 Metropolitan Bldg., St. Louis. 

Place: Oscar Johnson Institute. Time: Clinical meeting 5:30 p. m., dinner and 
scientific meeting 6:30 p. m., fourth Friday of each month from October to 
April, inclusive, except December. 
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San ANTONIO OPHTHALMOLO-OTO-LARYNGOLOGICAL SOCIETY 


President: Dr. Dan Russell, 705 E. Houston St., San Antonio, Texas. 

Secretary-Treasurer: Dr. P. G. Bowen, 315 Camden St., San Antonio, Texas, 

Place: Bexar County Medical Library. Time: 8 p. m., first Tuesday of each 
month from October to May. 


SAN Francisco County Mepicat Society, SECTION on Eye, 
Ear, NOSE AND THROAT 


Chairman: Dr. Fred Boyle, 490 Post St., San Francisco. 

Secretary: Dr. Frank Hand, 450 Sutter St., San Francisco. 

Place: Society’s Bldg., 2180 Washington St., San Francisco. Time: Fourth Tues- 
day of every month except June, July and December. 


SHREVEPORT Eye, Ear, NosE AND THROAT SOCIETY 


President: Dr. David C. Swearingen, Slattery Bldg., Shreveport, La. 

Secretary-Treasurer: Dr. Kenneth Jones, Medical Arts Bldg., Shreveport, La. 

Place: Shreveport Charity Hospital. Time: 7:30 p. m., first Monday of every 
month except July, August and September. 


SPOKANE ACADEMY OF OPHTHALMOLOGY AND OTO-LARYNGOLOGY 


President: Dr. Louis A. Parsell, 407 Riverside Ave., Spokane, Wash. 

Secretary: Dr. Robert L. Pohl, 407 Riverside Ave., Spokane, Wash. 

Place: Paulsen Medical and Dental Library. Time: 8 p. m., fourth Tuesday of 
each month except June, July and August. 


SYRACUSE Eye, Ear, NosE AND THROAT SOCIETY 


President: Dr. F. R. Webster, State Tower Bldg., Syracuse, N. Y. 

Secretary-Treasurer: Dr. John R. Myers, State Tower Bldg., Syracuse, N. Y. 

Place: University Club. Time: First Tuesday of each month except June, July 
and August. 


ToLepo Eye, Ear, NosE AND THROAT SOCIETY 
Chairman: Dr. J. E. Minns, 316 Michigan St., Toledo, Ohio. 


Secretary: Dr. John D. Skow, 2001 Collingwood Blvd., Toledo, Ohio. 
Place: Toledo Club. Time: Each month except June, July and August. 


Toronto ACADEMY OF MEDICINE, SECTION OF OPHTHALMOLOGY 
Chairman: Dr. W. R. F. Luke, 316 Medical Arts Bldg., Toronto, Canada. 
Secretary: Dr. W. T. Gratton, 216 Medical Arts Bldg., Toronto, Canada. 


Place: Academy of Medicine, 13 Queens Park. Time: First Monday of each 
month, November to April. 


Wasuincton, D. C., OPHTHALMOLOGICAL SOCIETY 


President: Dr. E. Leonard Goodman, 1801 I St. N. W., Washington, D. C. 

Secretary-Treasurer: Dr. Sterling Bockoven, 1752 Massachusetts Ave. N. W., 
Washington, D. C. 

Place: Episcopal Eye, Ear and Throat Hospital. Time: 7:30 p. m., first Monday 
in November, January, March and April. 


WILKES-BARRE OPHTHALMOLOGICAL SOCIETY 


Chairman: Each member in turn. 

Secretary: Dr. Samuel T. Buckman, 70 S. Franklin St., Wilkes-Barre, Pa. 

Place: Office of chairman. Time: Last Tuesday of each month from October 
to May. 





|< || 





